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drhe work  described  in  this  repprtwas  performed  by  Goodyear  Aerospace 
Corporation;  Akrbn,  Ohio,  under  the  ^uttority  o£  project  6065^  Task  606507, 
entitled  *‘Aeri  dynarnlc  Deployable  iDecelerator  Perfor^nance  Evaluation  Pro¬ 
gram,  Phase  i  **!  and-  Aiir- Force  Contract  No,  AF33(615 )-2541?. - 
V:  -<  ^ ’,>*«>>-;  y  ^  -~%o  -  .»  '  -  l  l  .  -  *  -  -  c 

Mr  ,  S,  McFarlhnd  ajidsMf,  IF,  fi,  Pisneil  of  the  Air  Force  plight  Dynamics 
Laboratory,  Research  and  T e chn olog  y  Division,  served  as  contract  monitors, 

-  ~  '  =  - 

The  authors  and  contributing  personnel  of  Goodyear  Aerospace  Corporation 
were  W.  V,  Arnold,  -project  Engineer;  J*>  Bloetschef,  decelerator  evaluation;, 
A,  C,  Aebisher,  'ielS  test;  I,  M,  Jarexnenko,  aerodynamic  analysis;  W,  W, 
Sowa,  thermal  analysis;  R,  E,  Aitgelt,  data  analysis;  J,  Scnle*hmer,  trajec¬ 
tory  analysis;  W,  A,  Barr,  decelerator  design;  and  ll,  G,  Slayman,  materials 

Goodyear  Aerospace  wishes  to  acknowledge  the  support  and  technical  informa¬ 
tion  supplied  by  the  following  Becovery  arid  Crew  Station  personnel:  Mr,  S.  R, 
Metr es  and  Mir,  -W,  :R,  PinhelT.  \  - 

The  contractor's  number  for 'the  report  is  GER-12909. 

The  manuscript  was  released  By  the  authors  June  1967  for  publication  as  an  .. 
RTD  technical  report,  - 

This  technical  report  has  .been  reviewed  and  is  approved. 


GBujuxb  a>  aww, 

Chief,  Recovery  &  Crew  Station  Branch 
Vehicle  Equipaant  CiyislOG  — 
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The  Aerodynamic  __  „  ,  _  ..  .  _  _  ... _ _ 

{ADJOPEB)  has  aimed  ih  advance  the  stale  of  the  ar  t  by  developing.  the  most 

'  >/  .  -V  if  __  j  - _ i  ja 


_  ___  techniques  through 

_ _ _ _  ._  ^  ,  ._  5^  jburihg  the  third  dud  concluding  phase  of 

-  ADJDf-EP,  two  types  of  decelerators  were  investigated:  large  reefed  super  - 
sonic  phrachutfes.  and  small  supersonic  parachutes*  The  areas  investigated 
,  by  tests  included  analytical  ahd.en^meering  designmethpds,  material  capa- 

...  <  bilities5,  and-fabricatfomfe'chniques'; 
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•.  Three  large  parachute^  -werevbuilt  that  had  the  same  basic  configuration: 

.  hemisflo,  16-it-dianieier.  canopy.  lO-percent  extended  skirt,  10-percent  po- 
.  r-csity,  These  para  chutes  were  designedfor  2Q0,b06~lb  opening  loads.  Free- 
^  ^flight  fests  ysrere  performed  at  deployment  Mach  numbers  of  2.  22,  1-  20,  and 
.2^70;;at  altitudes  ol  \g,  Q50,.  9379;  and  1^  700  ft;  and  at  dynamic  pressures 
r  ,  ef.36.9y,  1514;  and  5i55  pff,  respectively-  The  tests  confirmed  the  predicted 

drag,  area- ,  However,  reefing  line  loads  were  tmderesthnated;  improved  ana- 
.  .  Ivticai  methods. are  needed  to  nre-dict  this  hooo-tvne  lo^d  under  dynamic  coiir 
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tests 
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samebasicconfiguration,des- 
1:^  -irft-diametw,  5  ^percent  total  porosity,  ¥7ind -tunnel 
- 'rtXT1  r»  * — :  —,t  -when  constructed  of  materials 

. . .  has  better  sta- 

ign  tha|  was  also,  investigated  in  both  Phases  1 
and  iil.  Free -flight. tests  were  performed  at  deployment  Mach  numbers  of 
2,  70,  1.  60,  and  5.481;, 'at  altitudes  of  78,  000,  .{>6, 300,  and  117,000  ft;  and  at 
dynamic  pi e S3 ur e 5  ol 829 ,  328,  229  psfr  respectively-  The  flight  tests  con- 
.  firmed^the  stability  predictions  and  the  adequacy  of  the  construction  for  the 
'5-  ^  per formance  range,  investigated; .  . 
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The  high  speeds  Slid  altitudes  associated  with  space  flight  require  new 
methods  of -s tabtH^tionanddecelerafidn  for  the  recovery  of  manned  es¬ 
cape  capsules,  of  personnel  ejected  from  these  capsules,  and  of  racket 
boosters,  hose  cpnpsj  and  insifuiridnt  packages.  Tr-ifial  stabilization,  is 
required ^o  that  heat  shields,  as  well  as  drag  devi c  e  s  of  payloads  tum¬ 
bling  or  disorcentedrin  flight,  can  be  aligned  with  the  High  Spate.  Initial 
deceleraiibni'is  required  for  the  ireduefioh^df  .aerodjhaihic  healings  load- 
lag,  and  velocity  &l  a  varying  dynamic  loading  regime.  Essentially,  this 
is  done  bydecreasingtheweight-td-drag  ratio  (ballistic  coefficient}. 

If  parachutes  or  s  opals  ticateddecelerationdevicesy  such  as  gliding  and 
heming  parachutes*  paragliders,  and  expandable  jotor  blades,  are  to-be 
used  la  the  find!  stagey  then  the  velocity  of  ' the  payload  mast  be  reduced 
.  gradually  to  a  dynaniic  pressure  and  ^  speed  that  will  allow  reliable  de- 
.  pioyment  of 'the  retardation  devices.  Missile  and  wind-turmel  tests  show 
that  convehtional  parachute  sare  net  satisfactory  for  this  first-stage  de^ 
caler  afipn-because  of  aerodynamic  heating  and  erratic  loading  under  su- 

aersohic  coaditloni^  :  .=  -  -  .  ..  *  . ;  ~ 

-  '  ~  °  -  -  -  -  -  -  -  0  >  *  * 

-  These  hew  requirements  of  high  -speed  recovery  systems  led  to>  the  Aero- 
dynamicrDeplcyable  Deceteratpr  Performance  -Evaluation  Pr  ogram  "°" 
(ADDEEPJ  by  the  Air  Eprce  Efight-Dynamics  Laboratory  {AFFDXr},  Re¬ 
search  and  Tc chnology  Division  {RTD}.  The  ADDPEP  effort  was  con- 
ducted  infhree  oye-lappingphaacs  fromMay  L963,  fo  July  J967: 

-1  "  a  °'-  •  -Phase  I  -  May  1963  io-September  1^64: 

=  :  I  PhasqTI  :r;  AorU  1964,to  May  196? 

-  ;  ‘  .1  yFM_s%m._  r  Abril -19  6§  to  July  — -  - r 

'*■  ■'5  %-  ^  *  ■*.'  J :  ■  _  _°s.  ■  ■  "  ' 
Referenced  1  had  2  are  the- final  reports  for  Phases  land  II.  This  publi¬ 
cation  isthefiMlreportfor-.Phaselli^  :  . 

■'*"  .=  -  --  -■£>  -  ;  °~  ° -o  y  ^  '’oi  c  ;  /  •  -  ; 

2.  OBJECTIVES  AND  DECEEERA TOE  TYPES 

'  ^  °  ^  -i  ^ 

‘  The: 'overall  objective  ojt ADDPEP was  to  advance  the  state  of  the  art  by 
developing  the  most  affective  analytical  and  empirical  techniques  for  (1) 
designing  aerodynamic  deployable  decelerators  anch{2)  evaluating  these 
engineering  techniques  through  wind-tunnel  and  iree-rflight  tests.  Three 
type  s'- of  deeeleratorswere  assigned  for  investigation.  These  dfecelera- 
.tor's  and  their  respective  goalsarer> 

•  '  s  2  *  *-■%  ■'  <=•  ‘  A 
.  “  '  ~  : 

”  IV  Sirhall  supersonic  parachute  canopy -  Goal:  to  es¬ 
tablish  the  configuration,  loadings,  design,  and 
structural  materials"  heeded  to  attaln  a  stable  per- 
“formancef or  f light  speeds  up  to  Ivfac3x  5  andfor  dy- 
'  ihamic  pressures  to  500  psf.  .  - 
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I^ge;reefedisupei*sqnfr-par3iPhute,c£h£ipy  -  Goal: 
to  es£ablisB'the?cpii£igar2.tIp]a,"‘ loadings,  deeigii,  and 
structui-^ materials  for  T^itii^tandlng  =aii  initial  load 
o£  ZQ&,  pOOilb  afc  supersonic  speeds,  utilizihg  appro¬ 
priate'  canopy  reefing.  Performance. range  Printer— 
est:  from  transonic  speeds;to^Macli  3,  with,  dynamic 
pressures  of  io^ClOO  psf.  ;  .  .c' -  - 


3,  Ram-lifflated.banoori-type  •decelerat*'  rwh^as 
BAjLL-iTr^I^-'Gpal:  'to-establish  ti  ^.iguratioh, 
loadings /raesljgn,  and? structural »  werials  needed 
to  htta.ine  a  stable  .perforxnance  for  flight  speeds  to 
„  .Mach  10.  and  jor  cyhhrnicgpre^sures  jtp-SOO  psf. 

'  •  r  -  ‘  ^  .  C  4-  -  O  -  ^  “  _  .-Ot  - 

Aieas  investigated  included  analytical  add  engineering  design  methods, 
material  capabilities;:  and ^  fabrication These  were  evaluated 
by  wind-tunnel  and-iree-fligbt  tests.  The  wind-tunnel  tests,  supported  by 
Goodyear  Aerospace  personnel,  were  conducted  primarily  by  APFDL?- 
RTD  personnel  at  AraoidrEngineeringpeyelopment  Center*,  Term. ;  and 
also  by  NASA  .personnel1  at  i^ngley  Research- Center r  Va.  Other  labor ar- 
tory  tests  were  perforfhed  at  Goodyear  Aerospace,  Aferon>  Ohio,,  includ¬ 
ing  material,  seam,  and  joint  testing,  porosity  measifrements,  and  heat  - 
tunnel  tests  *  BALLUTEs  and  smalT  parachutes  were  flight'tested  at 
Eglin  Air  Force  Base,  Florida;  and  large  parachutes,  at  Holloman  Air 
Force  Base,  N. M- ,  and  White  Sadds  Missile.  Range,  If.  M.  . ' 
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Goodyear  Aerospace  conducted  Phase  X  of  ADDPEP  under  .Contract 
AF33(657)-10955.  Analytical  And  empirics!  techniques  were  developed 


andfr  ee -flight- te s ts  on  the  basis  .of  the  aforementioned  goals.  Moreover, 
toprondea  free -flight  basis  for  evaluating  the  analytical  and  empirical 
techniques,  it  was  necessary  to  design,  develop,  build,  apd  evaluate  two 
-types  of  test 'vehicle's  that  were  adaptable  for  launching  by  combinations 
of  existing  boosters.  -  - -- 


•  j.; 


ADDPEP  PHASE  H 


conducted  Phaae  H  of  ADDPEP  under  Contract 
AF33(6l5}-1513.  This  phase  consisted,  of  a  continued  evaluation  of  design 
techniques  for  two  deceTeratqr  types:  {1}  large  parachute  and  (2)  bAL- 
BUTE.  In  general;  efforts  were  -JsuccqsAful  in  developing  engineering 
techniques  fqf  the  design  df  decelerators  capable  of  performing  in  severe 
environment^.  More  specifically;.  S  .  - 


<L. 


Large  paraefedes. we.re  built  thatliad  the  same  basic 
henpjsflA design:  nominal  do  ■£!{:  diameter  canopy,  10- 
perceht  'extended  skirt,"  and  14-perxent  porosity. 


-1, 


TM,  Goodyear  Aerospace  Corporation,-  Akron,  Ohio. 
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-  Theseparachuteswere  designed  for  200,000-ib 
- :  opening  loids.  Free-flight  sestS'Were  performed 
at-aeplo^^ent'Ha&^namVers  ©f'^-.SGi  1,63,  and 
1,  84; at  altitudes  <5*  i-$,66Gs  15*539,  and  10, 533  ft; 
arid  al  dySamfc  pressures  of  i,988>  21181-  and. 3383-  - 
psf>.  respectively.  The  tests  confirmed, that  this  . 
parhchuteBesigri  has  excellent  aerodynamic  charac-* 
"  -  teristicS  ^mdadequate  strength.  -  5  -  - 

Z.~  Five-foot -diameter  BABLUTES  were  fabricated- 
•  ftpmbotb  te^lea'nd  metaEielpflis.'  Thesie  were  de- 
signed;  for  a  broad  spectrrim  of  depioyrnerit  cpndi>- 
-tie ns  ranging  from?  Mach  2. itiBi  000  ft  to  Mach 
18  at  225*  000 ’ft..  The  textile  BABBUTEs  werewirid- 
-furineBand  free^fUght'teritedj  thefmetal  BABBUTEs 
were  wind-tunnel  tested;  only.'  -Plight  tests  were 
•limited  to  Mach  9-*  7  and  dynamic  pressures  were 
limited  to  355  psf.  TVirid%$jinneit6Sts  were  limited 
to  Mach  3  and  to  T20-p^f  dynariiic  pressure.-  ThO’  - 

- - flighltesfc  data  srippof  tedi  wind-tunnel  data,  which 

indicate d  that  eiccelEe&'stabilityLand  structurally 
adequate  designs  canBe  attained  sw&fiyedEp^r 
diameter  BABBUTEs.  =  -  -.j?  =- 


5.  ADDPEP  PHASE  III  ^  -  ;  - 

Goodyeax  Aerospace  conducted,  Hie  concluding  Phase  HI  of  ADDPEP  un¬ 
der  Contract  AF33 {615  j"-254T.  This  phase  consisted  of.  a,  continued  evsl-- 


iconfciriued  from  Phase  l  and  II);  and  (2)  small  parachute  (continued  from 
Phase  I j.  As  in  previous  phases,  the  areas  investigated  include  arialyti- 
catand  engineering  design,  material  capabilities,  fabrication. techniques, 
and  wind-tunnel-arid  free  .fUghttesXs.^  __  The,. large,  and, small  parachute.  Be - 
celerators  were  evaluated  under  more  severe  conditions  than  those  im¬ 
posed  in  previous  phases.  Table  I  summarizes  the  characteristics  of 
these  deceierators  as  well  as  the  design  test  point  data. .  Briefly,  the 
Phase  ill  results  are  as  follows: 

i..  Three  large  parachutes  (designated  UP-7,  BP-8> 
and  BP-r9) ' were  built  that  had  the  same;  basic  con- 
figuration  as  the  Phase  H  design:^  hemisflo,  16-ffcr 
diafrieter  cfiriopy,  10-percent  extended  skiff,  10- 
pef  cent  porosity-.  These  parachutes  Were  designed  . 
for  200,  000-lb  opening  loads.  Free -flight  tests 
were  performed  at  qsployment  Mach  numbers  pi 
2.  22,  1.  20,  and  -2.  7.0;  at  altitudes  pf  18,  050,  9370, 
and  19S  700,ft;  andiat  dynariiic  pressures  6X3697, 

1514,  aricb  5155  psf,  respectively;  The  tests  con¬ 
firmed  the  predicted;  drag  area; -however,  the  reef¬ 
ing  line  loads  were  .  underestimated.  Improved  ana r 
lytical  methods  are  needed  to  predict  this  hoop-type 
load  under  dynamic jcqriditipris  at  fhe  higher  Mach 


SECTION  1-  INTRODUCTION  AND  SUMMARY 
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z-  -'%^s^a^f^Ta£hnfes  designated  ^P-3*  SF-4, 

^iid  SP-5)  Were  btultf  haj  hadfhfe  samefeasic  con- 

^  a/  the  PARASpNIG2  desighaeveioped  pre- 
3-:  4-ft-diameter,  5 -percent 


Vio 


P°r-n!fe  •  Wind-tunnel  tests  confirm ed  tha^  fee 
-  5-Afe^ONIC  (design,  y/henr  ct^nstriictediof  materials 
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deftHS  that^as  also. investigated  in  both  Phases  X 
and  III, :  Preevilight  tests  ,were  per$5jrined  at.deploy- 
meptdy^t>.«numbers  of  2^.70,  1^60;,  and  S^;  at  a'*-  ‘ 
titudes  pf  7S,  000,  56,300*  andll7,  fiD(dft;  and:  at  dv- 

hsiiyc  nf  a^o--  _ _ i  *>  ’ 


dicfeons  pnd  fee  adequacy/tof;,fee;  construction  for  fee 
performance:. range  investigated.,.  ~  ' 


Sect^:ff  thls  Phase  IH  final  report,  dealing  svife  their  ee -flight  test 
capability  for  the  dece^eratcrs  considered,  describes  the  two  test  ve- 

yIC1!'5°0®  ^  developed  previously  as  part  of  Phases 

I  and  II-  .sections  in- and  IV  detail  respectively,  the  evaluations  of  fee 
^rge  and  small  parachute  design  tephnioues.  Each  of  these  three  sec- 

H9“?'  *9“Jlur®*  *Wpa*y-  ^  ^  statement  of  conclusions.  Section 

V  presents  overall  Phase  IXIcqnciusiphs., 
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^^BDPSP^hase  HZ  (A^erodynardic  Deployable  Deceleiator 
'■  ''^ea^san8fice-®^aa,t^at^ioga,agi>  was  to  continsie  advancing  the  state  of 
theairt  2-Tlarg'e  jsup*|:s6ni'c  parachute  designraethodsat  Mghdynamicpres- 


isfwae'  to  approach.  Kiscb;  3  at  Isw  altitude^  The  requirements  for 
twig  I  r  l6-^£'pa|£fdBif#S  to  fHe  ^fias’^t  itl'isest  regime  *|jfei(pl|ed 


/=gL  :. 


*;s  r^fVV^  ;■  ^ 

it--  -  ^edf^^^^oMjtra'ra^on 

■-  V--*  OC  i  jfp-:  *:£  j:?  : 


=  ~  Po?  AIJDPSP^’Phase ^XK  reqaixeihents»  the  overall  configuration  and de^  .  - 

'  T •  ‘  '  sign  oi  Test. ybbldie  jlxoxnauied-basicairy  tba  same  «ts  ifbat-established 

^  ~  ftSr  Phase;  land  employed during  Phase  II*.  A  photograph.  and  the  general 

V  eonfigardSqfi.dre  scown^  ^g^®  1*  This  vehicle  is  discussed  ingreeter 

Vjp-  -  v  '■.  ‘  v-:detail:ln>ReiCT.enc|s.:i  and/^i.  >’---  i"  -  .. 
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jj|  ?A-  »:  *  nations  utilized?. 


■*’  -  -  Table  III  svarimarizes  the  data  acquisition  {ihstriiinentationj  systeiii  per- 
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Required  under  ADDPRP  Phase  IH  was  a  series  of  small,  supersonic  para¬ 
chute  deployments  at  speeds  to  Mach  5. 5,  altitude s-  to  l21,  COO  ft^  and  dy- 
hamic  pressures,  to  200  psf  .  Test  Vehicle  C,  laud&.qed ‘by  Honest  John- 
Nike  (HJ-N^  Honest  Jo^i -Nike -Nike  {HJ“N-N}V  and  Honest  John-Kike- 
Tiahce  (HJ-N-L)  booster  combinations^  'fulfilled  these  requirements,. 

.  r  ’  ■  a.  ■  /-;/'  -v,  ‘  '. 

’•ho  Desigii  and  Configuration. » '  -  . } 

*b  -  ^  -  T  — '**  '  V  —  >  -o 


The  Test  Vehicle  G  used  for  Phase  III  tests  contained  modifications  in-? 
corporatSd  during  Phase  li  (Reference  2).  A  photograph  and  the  general 
configuyffica  are  sho^fa  j'arEigur.e  2. 
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SECTION  H  -  FRESPFLIGHT  GAPABHAZT 


‘ a.'  -  Free -Flight  Performance  '  O-  . 

Table  17  summarises  the  Test  YeHclq  G  performance  as  a  test  point  de¬ 
ployment  control  for  small  parachute  (SP)  tests  -with  the.  booster  combi- 
r -  natioa  utilired.  Table  V  summarizes  fee  data  acquisiti6h{Instrurnenia-' 
Son^systefeperformance*.' ’  •>'  -  '  -  \  "  -  -. 


TABLE  IV  -  .PERFORMANCE  -DEPLOYMENT  CONDITIONS  FOR 

'»  "  ;  *  V'  ;  TEST.^HIGtea  - "  '  r 


Altitude  (ft) 


"  5  _  -  - .  Dynamic 

Jdachao. .  :  pressure  (psf) 


Test  (deg)  Booster^  Calculated  Actual  j'Caltulated  Actual  Calculated  Actual 

SP-3  :83o  Hj-N  85.3  o  78*^1  2iS0  2.7  :  20Q  .  329 

,  ■  SP-4 84  HJ-N-N*  98.  (J  56. 3;  i  3.35  1.  6  200  328 

S.F-5  :  84.  HJ-N-D  121  .J2=  Tlt.O  5.60  ,  '  5.5  200  229 


^Quadrant  elevation  angle  J.  ,  =  5  .  -  * 

o/'T  ' --  '  '■  -  '^v  •  "  - 

^Booster  definitions:  HJ. ■=  Hohest  jolm;  N  —  Ni^e;  L  =  Laihce.. 

i  0^0  $o  C  *'  -  £.  ^  •  V  a©7  '  "r,'  9-  '  ~ 

^35reinaturdIjgnition..of:>secqnd-3taged  Niae.  .  ..  .= 


TABLE  V-  INSTRUMENTATION  PERFORMANCE  FOR 

»•  5  •  -  s  .  -V  •  «•_  V 

■  "7  “  ■  7'.;  "  "  ^"-.^  'fESTT^HICLE-'C  :  *  '■  --  • ;;  -  - 


jTeiemetr  y-  metrumejitatioh 


Camera 

operation 


Pulse  ^amplitude  modulation.  .  '  *  - 

Notes:  '  J  *  '  ov'  ' 

1.  Satisfactory  data  obtained  for  test  period. 

>  •  Data,  obtained  for  only  portion. of  test-period. 

3;  Unknown-.  J 

4,.  Data  not  useful  or  not, obtained  during  test  period 
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i.  GROUND  SUPPORT  -  '  S--  />r 

' V  -i  -_5o 

a.  ~  General  .  ;  r .  -  ,  » 

3 — ; — 5-  --  .  ~  *  *'  c  _  _0&- 5  ;  .  -  -  ■*  ’  - 

"D  -  -  ^  ’  '  J  :  : 

ADDPj^P  J’hase  III  free  -flight  support  was  required  in  two  test  areas: 

,  Large  parachute  (L?)Tree-TIfglit  tests  and  dafe  re¬ 

daction  were  performed  at  Holloman  Air  Farce  Base, 
andr White  Sands-Missile  Range,  N.M. 

2-  %naIl;parachute{SP)free-flighttests  and  data  re- 
ductioh  wef e?perforrced  at  EgHn  Air  Force  Base, 

-.  •.  .  -Fla.  :  .  .  .  V  .  :■/  /  - 

h-.  Field  Operations  -  .  -  ‘ 

:  ^  o  z*  -  .  0  "  .. '  ^  ^  -  £  -- 

Field  feJst  operations  followed. the  pattern  shown  in  Figure  3.  During  the 
free-fLght  tests i  tfie_Go6dyear  Aerbsp5.ce  field  test  crew  assumed  re¬ 
sponsibility  for  the  test  and  checkout  of  all  vehicle  systems,  booster  ihr 
terstage  Hardware,,  and  vehicle  refurbishmehl.  The  range  agency  - 
Hodloman,  White  Sinds  Missile  Range,  _  ot  JEglixi  AFB  -  assumed  responr 
sibility  for  storage,  use,  and  assembly  of’  the  booster  vehicle;  range 
safety;  radar  tracking;  ground  acquisition  of  telemetered  and  photometric 
test  data;  -anddata  reduction  of  vehicle  flight  and  testjdecelerator  deploy- 
r  n-ent  data.  "  -  .  -  --  '  c 


Figure  3  ■?  Field  Operations  Flow 


SECTIONS  -  FREE-liJGHT  CAPABILITY 


Field.;  Per.s  oimei. 


The  field -test  crew  consisted pi  three  engineers  and  two  technicians;  in 
addition,  a.j>ar.t^£iihe  pyrotechnics  engineer  was  assigned.  Basically, 
the  responsibilities,  wereas  follows.; 

.  i.  ’  Project  engineer  -  programrhanagembnt:7 

2  __  ’  t'  ~  1  ■>  --  r-  -  * 

2.-  Instr  omenta  tionengineer  -  on-board  data  hcqui- 

‘  sition  *  -  -  :  \  ” \ ., 

;  3,  Development  engineer  -  vehicle  systems  and  as¬ 
sembly  '  -A  '  " 

Electronics  technician  -  assistance  Tor  instrumeh- 
-  >■-  ;  fcation  a,-’:-'  '  -  ----  ^  : 

5.  pyrotechnics  engineer  *■  loading  and  assembly  for 
explosive  devices  (accomplished"  onjperipdic  visit 
basis)  •'  ’  ‘  =  .  ' 

SUMMARY  AND  COlSiCBUSIO'NS  ;  V 

The  evaluation  of  the;test  vehicle  systems  is  summarized  as  follows: 

a  _  z~  '  t  Z  v  -  O  2>  ‘ 

1.  Test  Vehicle  A /Booster  -  The  test  results  -indicated 
that  vehicle  performance  can  be  ^predicted  with  con¬ 
fidence.,  Alt  the  data  system  components  were  ade¬ 
quate’ over  ;the  performance-  range.  External  solder 
connections. to  the  Outside  camera  became  unreliable 
at  Mach  2.  2;  these  were  changed  to  crimp  connec¬ 
tions.  Recovery  and.reusability  of  the  system  as  a 

.  whole  e^cbededWf3dbsighy^aTs.  '%pwever,5:the 
cameras  werefoaniio.  have  unacceptable  reliability 
with  more  than -one  reuse. 

2.  Test  Vehicle  C/Booster  -  The  test  results  indicated 
that  vehicle  performance  can  be  predicted  with  con¬ 
fidence  .  Beacon  dropout  occured  jii,st  prior  to  launch 
•on 'the. test  and*at  Dance  booster  ignition  on  the 
SP-5  test.  The  data  transmission  range  was  excel¬ 
lent,  and  the  vehicle  met  design  goals,  for  reusability 
when'  rse  cove  red.  . 


(Reverse  is  blank) 
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-  Thd  overall  goal  of  iihe  large  supersbnic  jjaraciiute  effort  undfcr  ADDPEP 
(Aerodynamic  J3eplqyable  Decelerator  Performance-Evaluation  Program) 
■trad  to  estaibliSh  the  parachute  Configuration',*  ioadingSi  design,  and- 'struc¬ 
tural-  materials  for  attaining  an  initial  Opening  load  of  200;  000  lb  at  super 
sonic  speeds  and  low  altitudes1.  The  performance  range  for  investigation 
was  to extehd  from  transonic  speeds  ;to  Mach  3j  with  a  dynamic  pressure 
(qjf  of  10,  OOO  psf.  The  work-  on  a  lilrge  supersonic  high^q  parachute  de- 
celerator  was  initiated1  during  AJDDPEP ’Phase  I  (Reference  1),  continued 
during  Phase  ii  (Reference  2),  and"  concluded  diirmg:  Phase  in. 


'  O  -  5  ,  -  .  _  .  >  &  2,  ;  %  •  -  %  '  - 

The  large  par  acHufe  (LP)  effort  has  been  concentrated  on  two  basic  de- 


Three  herhisfld  parachute  test  items,  jLP-3,  LP-4j,  and  XjP-5,  were  de- 
signedhnd  fabf i cated  during  PhaseTI.  Three,  identical  hemisflo  test 
itemsy  'EP-7,  LP~8,  and  LP-9,  were  fabricated  during  Phase  ill.  4  The 
final  hemisflo  canopy  size  chosen  was;  a  i6<ft  nominal  diameter,  D0. 

The  Phase. Ill  test  points  for  L’Pr7,_  LPr8>  and  LP-9  were  established 
with  AEPpL-RTD  concurrence  By  considering  the  desired  test  conditions; 
available :bcqsters,  and  fan^e  safety  requirements.  Trajectory  analysis 
Tesultedan  the  achievable  test  points  showhilh  Table  VI. 

'  -  ‘  ’  *  i  '*  v  *  ‘  *  S*  .  *  r  - 


TABLE  VI  -  DESIRED  TEST  POINTS  POR  LARGE  PARACHUTES 


initial  conditions 


Design 

configuration 


Booster 

comb* 


HJ-N 

HJ-N. 

HJtL 


Booster  definition:  HJ  =  Honest  John;  .N--  j=  Nike;  L  =  Lance. 


It  was  not  necessary  to  build  LP-6  .since  the  test  point  originally  anticipated 
for  investigation  by  this  parachute  was  covered  during  Phase  II  by.  the  LP-3, 
LP~4„  andLP-5  tests. 


SECTION  HI  -  EaRGE  PARACiJUTE  BECELERATOR  . 


The  materials  arid  £agstruc£oh  used,dufihg  Pha^eTI  for  &P~3,  LP-4,  *  ^  '  ’ 
and  L.P-5  «eie  maintained: during  Phase  III.  This  was  possible  becatuseh'v. 


Figure  4  -  General  Arrangement  of.  1.6-Ft  DQ  Hemisflo  P  achute 


SECTION  ST  -  LA3tG£.  EAIUteHtJ^  DECEi^RAf  OJ|  «  -'.V 


,^w  ^  '  -  -  ■ 

Line  twist  observedin  these  tgsts  was  approximately  1^5 
turns*  ,  -  ~  -  j  - 


Vv 


-Large  Parachute  LPW7 


Test  item  LP--7  wa  s  deployed  near  the  calculated  test  Mach  number  of 
2.  37  but-afr  a  higher  altitude,  which  reduced  the- dynamic  pfes.sure  to 
3697  psfv  The  Massif'S  foil  rates  -were  1-.5  rps,  compared  to  4  to  5  rps 
during  the  earlier  LP-4  aftd  L.P-5  tests.-  The  ^reefing  line, was  L3  ft  K2-5 
in-,  long  as laid  out  and  consisted  of  a  6090 T  and  a  i2,G9*0-lb  strength  Web 
tacked  together.  The  test  parachute  was  extracted  and  deployed  by  means 
of  a  30-in-  D0  hernisflo  pilot  parachute  positioned  8  ft  4  in.  aft  of  the  test 
item  deployment  bag.  The  pilot  .chute  was  permanently  reefed-  6-ya  web 
46^75'iif.  long;  Twenty^fbur  suspension  line  and  8  canopy  break  ties  of 
500r lb, webbing  were  used  to  aid  orderly  deployment 

The  LP-7  deployment  was  less  drderly  than  in  prior  te sf s .  This  was 
caused  by  breaking  of  the  forward  T-estraining  loops  of  the  deployment 
bag;  and  by- tearing  of  a  rear  portion  of  the  bag  cloth  beyond  the  locking 
loops;  The  restraining'  loop  failures  allowed  -the-forward  half-  of  the  bag 
ta  invert.  As  .a  result,  the  fb rward1  portions  of  dje  lines  were  pulled- 
across  portions  of  the  lines  still  stowed.  Because  of  this  rubbing  action, 
while  they  were  under  load,  damage  occurred  to- the  nylon  suspension 
lines.  The  tear  in  the  rear  portion  of  the  bag  allowed  some  canopy 
growth-.  During  deployment,  damage  occurred  to  the  skirt  band  and  to 
one  cutter  pocket.  ’  "  , 

c  6"  -  j  ~  v 


The  canopy  filled  rapidly  to  the  reefed  condition.  Canopy  attitude  and 
the  Amount  of  line  twist  (approximately  Q,L.14  turns)  \vere  acceptable, 
based  on  the  earlier  LP-4' -and  DP-5  test  results;  Several  actions  be? 
curred  at  the  time  of,  or  immediately -following,  the  inflation  to  the  rpefed 
shape0  The  exact  sequence  of  the  actions  could  not  be  dete  rminedifrom 
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t$.e' High-speed  camera  filrhs;  libgrevef,,  the  actions  could,  be  associated 
with  the  period  when  the  canopy  had  k  reefed  shape,  During  this  instant, 
thS  reefing  line*  the' suspension, line?,  and  the  skirt 'band  were  broken 
^  (skirt  bahdbroken  in  two-places). 

The  ffiaxihiiim  load  recorded  prior  to  suspension  line  failure  was  112,  000 
•lb--'  Thiswas  considerably  less  than  the  values  recorded  without  line, fail¬ 
ure  during  the  earlier  Phase  H  tests- using  the  same  design  and  construc¬ 
tion  of  the  canopy  and  lines.’  Postflight  inspection  of.  the  canopy  and.  lines 
indicated  the  lines  hid  been  weakened  by  extensive  “nylon-onrhyloh"  type 
damage.(see  Item  8,£,:p;44},  -  •  '  «  '  _ 

Postftdst  ekamihation  concurred  that  the  lines  and.skirt  band  were  se¬ 
verely  scrubbed  and  damaged  during  deployment.  The  two  breaks  in  the 
skiftband  extended.into  the  canopy:  one  break  through  7  ribbons  and  the, 
otber  through  13  ribbons.  The  longer  break  stopped  at  the  first  rein^ 
forced  ribbon.  The  damage'  to  thd  deployment  bag  indicated  a  pressure 
type  failure,  in  which  the  restraining  loops/grommet  approach  was  struc¬ 
turally  inadequate  at  the  high  dynamic  pressures  and  dynamic  effects  of 
iine  deployment.  •  .  .  .  .  - 

Figure  5A-  shows  the  DP-7  performance  curves,,  beginning  at  test  item 
container  sepafatioh.and  cphtinuing  three  seconds,  Indicated  are  the 
variations  in  parachute  load,  velocity f  dynamic  pressure,  and  altitude 
versus  time  from  parachute  deployment;  data  for  these  curves  were  ob¬ 
tained  from  data  reduction  reports  published  by  White  Sands  Missile 
Range  (WSMR,  References  3  and  4)  or  froth  the  test  vehicle  telemetry 
--I'  signal Jplot1.  .  ~  -  -  ' 

Figure  5B“  showb: .lidet  area variation  With  respect. to-time  on  a  selective 
scale.  Data,  for  the  inlet  area  plot  were  genefated.fr om  onboard  motion 
5  picture  coverage..-  -  -•  J 

’  -c.-  Lar  ge  .  Parachute  LP;8  .  j 

Bue  to  the  damage  sustained  by  Test  VehicleA  during  launch,  test  item 
LP -8  -gras  deployed  at  conditions  much  less  than  pr  ecii,ct.ed:«  The  damage 
allowed  the  heavy  nose  ballast  to  separate  after  boost  and  the  lightened 
•  vehicle  to  decelerate  to  Mach  i.  2  prior  to  the  deployment  of  the  test  item. 
The  reefing  line;  wad  if, ft  long  as  laid  out  and  .consisted  of  two  12,  000-lb; 
strength  webs  sev/n  together.  The  test  parachute  was  extracted' and^de- 
ployed  by  a  30 -in.  D^  hemisfio  pilot  parachute-;  reefed  permanently  by  a 
web  40.  375  in.  long.  The  pilot  parachute  was  positioned  8  ft  4  in;,  aft  of 
J  the  test  iterri  deployment  bag. 

Eight  canopy  break  lies  and  24  suspension  line  ties  werq  used  to  facilitate 
orderly  cieployment.  The  canopy  ties  were  made  using  500 -lb  webbing. 
The  24  line  ties  were  made  by  using  500 -lb; webbing  for  the  first  eight  ties; 
600 -lb  webbing  for  the  second  8  ties.;  and  700 -lb  webbing  for  the  third-  8 
ties. 

The  LP-8  deployment  was  very  orderly  and  continuous  at  the  reduced  test 
conditions,  even  though  the  pilot  parachute,  line  break  cords,  and  canopy 
break  cords  were  sized  for  a  higher  deployment  dynamic  pressure  and 
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Figure  5  -  LP- 7  Performance  Curves  and  Inlet  Area  Variation  with  Time 
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payload  weight.  Missile  roll  rates  were  approximately  one  .revolution 
per  second*  The. new  stronger  deployment  bag  operated  properly  and 
was  undamaged1.  ..  - ■>'"  -  . 

The  canopy  filled  to  the  reefed  condition  and  exhibited  excellent  stability 
throughthe  transonic  regime.  The  maximum  load  recorded  w.a& 27, 360 
lb,  a  level  of  59  g.for  the  much- lighter  than  normal  payload  weight.  ^Post- 
test  examination:  indicated  no  damage  to  the  canopy,  lines,  deployment 
bagr  and 'pilot  dystemi.,  V  .  -  .*  r  ^  ~  \  - 


Figure  6A  showslhe  LP-,8  performance  curves,,  beginning  at  test  item 
container  separation  and  continuing  for  three  second's.  Indicated  are  the 
variations  .in  parachute,  load,  velocity,  dynamic  pressure,  and  altitude 
versus  time  from  parachute  deployment.  Data  for  these  curves  were  ob.r 
tained  from  WSMR  reduction,  reports  .(References  5  and  6)  or  from  the 
.  test  vehicle  telemetr  y  signal  plot';  J  -  ’  ' 

Figure  6B„  shoy/s  inlet  area  variation  with  respect  to  time  oh. a  selective 
scale,.  Data  for  the  inlet  area  plot  were  generated  from  ogrboard-mor 
-tion  picture  .coverage,  t  -  -  I  ~ 

►  _  .  -  -  '  '  '  * 

id.  .  Large,  Para  chute  LP- 9  *  .  .  .  • 

*  -  -  ^  \ ~  ‘  -  .  ’  "  ,  c 

-  #  -  j,  o  .  y 

Test  item  LP -9  was  deployed. at  conditions  near^the  anticipated  Mach 
number  and  altitude},  which  resulted  in  a  dynamic,  pressure  of  5lj>5  psf. 

A  peak  force  of  120,446  lb  was  measured  before  suspension  iixve  failure; 
this  value  also- was  below  the  valjies,  measured  in  Phase  II  without  sus¬ 
pension  line  -failure .  A  s  in  the  LPW-7  tesh,  postflight:  .examination -  of  the 
suspension  lines  indicated  the, y  had  been  weakened  by  extensive  "nylon - 
■oh-hylbn11  (type  damage  (see  Item  8,  £,  pj44).  ' 

2  *  ’>  ,  ,  "  -  >  v*  ' -  ^ 

■3  ^  '  *. 

The  reefing,  line  was  11  ft.  long  as  laid  out  and  consisted  of  two  12,  000 -lb^ 
strength  webs  sewn, together.  The  test  item  was  extracted  and -deployed 
by  means,*  of  a  30Vin.  Dp  hemisflo-pilot  parachute  permanently  reefed  by 
a  web '40.  375  in.  long.  The  pilot  parachute  was  positioned  8  ft  4  in.  aft 
of  the  test  item  deployment  bag.  The  LP-8  break  tie  arrangement  was 
repeated  for  orderly  deployment.  * 

:  .  .  1  * 

Useful  on-board  camera  coverage  was  not. obtained  due  to  heat  affecting 
the  exterior  camera  and  the  film  jamming  in  the  interior  camera  during 
the  LP-9  deployment.  However,  the  load  traces  indicated  a  smooth  con¬ 
tinuous  action  with  a  rapid  filling  time,  followed  by  an  abrupt  load  drop¬ 
off  to  approximately  25,  000  lb.  , 


Post-test  examination,  indicated  reefing  line  failure  near  Gpre  8.  The 
reefing  rings  were  retained  by,  their  attachments  to  the  skirt  band;  under 
the  loads  occurring  during. the  breaking  of , the  24,  000 -lb  strength  reef 
ing  line  webbing.  The  skirt  band  was  broken  in  Gores  8  and  19.  Canopy 
damage  from  Gores  9  through  19  took  a  form  different  than  earlier  tests 
when  the  radials  located  on  one  side  of  the  ribbpns  became  detachedfrom 
the  radials  on  the  other  side  of  the  ribbons.  Between  Ribbons  8  and  29, 
the  verticals  spaced  the  ribbons.  From  Ribbons  30  to  42  (skirt  band), 
damage  to  the  verticals  was  extensive,  the  ribbons  were  free  to  slide, 
and  some  failed.  Other  gores  had  sewing  and  vertical  damage,  Near 
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(jore  15,  s everaf  ribbons  were  br oken  tvid  r  -  "  -  < 

from  the  canopy  than  in  the  LI?-7  bests’  siri'A^Sr damaged  farther 

had  hfeen  extended  to  5  ft  fprv/ard  bf  the  .skirt!  ^  Un®  Brotectlon^leevea 


sign indlf brlcSionl was  ccSpStely  Seqtion.  in  Itena  8,  De- 

pne  small  lining  flap  that  covered  f  d  excePfcTor  tearing  off 

flap  system,  which  replaced  the  W  rlstrSni^fo  ^  ode^ag  h*lL  The 
through  LP-7  tests,  was  undamaged  -s'S^  °n  thS  earlier  LP-3 

* *w  **»  -- 

p*  5* 

(References  7  end  8)  or  from  the  test  vehlcrfSTemf,^  .’^£k”P°rt* 

‘Wough  rt-9  er?;«iscusse@ 


AERODYNAMIC,  ANALYSIS' 


a.  General 


reefing  size  required  ^  determine  the 


ayaOable  wind-tunner  data^  fred-H^^t^&ta,°and^  anaf^i^al  m^hods?^ 

ingly  apparent  thatlSShg' iKe  lold^ hlS  to  & ^ f  t  **  b8cdme  increas- 

were  heeded;t'o-pfeveht  earlv-di^P^rtvi^^  'determined;  These 

could  lead  to  locally. overloading  groiSf  of  -  S— rt  band  failure,  which 
analytical  approaches  ^  °'!«  °£  '** 

can  be  compared  with  empirical  yafues .  -?  h  g  hne  load  values  that 

Beefing -Based  on  Wind -.Tunnel  Tp^c  i*  '  . 

coefficients  forsmall  iLd lar^na'^T^1  re®“1^  for  steady-state  drag 
these  results  and?&^  compare! 

opening  shock  loads:  beak  loari  rr.ff-  ^  l®St  resu.lts>  excluding  the 
included  for  reference.  ^ bte  thtt^the  Sak^  **  f|iSht  fe?ts  are  also 
are  based  on'WSMR  data  rednr-M  th®  pea^  °Pemng.  loads  in  Figure  8 
12.  through  17. )  «  U 

inlet  reefing  ratio  in. Figure  ,8  indicates  ^ffl,clfnt  values  versus  the 

rpctly  applicable  for  determining  full  Lilt  Wyd"^n^1  4ata  are  notdi- 
shock.  The  .peak  free -flight  drag  coefSintVaiT^a  r  the  °P8  W 
W*  **  #P"ta«1“  *  npmpnrld,by  un^t^"^“«“8 
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-Figure  7  -  I/P -9-Per-formance  6urv.es 
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LARGE  PARAGHUTEVDEGELERATOR 


Figure  8  r  Gomparisou  pf-Smail-:Scale;  and  Free-Flight  Data 

...  '  *  .*?  -V '  -  •  £  - 


Reefing  BasedVon  . 


•ee  ^FlieKt  Data; 


During.  Phase  III,  the  Isp-Si  and.^P--9,:  parachutes;  were  deployed1 

at  Mach  I.J2,,  ,2.  2,  .and  2.J7,  respectively,  with  accompanying  deployment 
dynamic  pressures  of  .15 14,  3697,  and  5155.  psf.  Table  Vll  shown  earlier 
summarizes  the, test  coiiditipns^fpr  the  three  tests.  Figures  9A  through 
9D  show- the  following,  values  versus  range  time  for  LP-7,  LP-8,  and 
LR-9:  •  '  "  ‘  "  '  -  •  "  *•  ’  ‘  '  -  -  - 


9A.  Mach  number 

:  i  : 

9B.  Dynamic ^pressure 


9G.  Deceleration  anddbad  (strain  link) 

9D.  Nominal  surface  drag  coefficient  and  load/dy¬ 
namic  pressure: 


Range  times  are  presented^  for  ease  of  correlation  with  the  WSMR  data 
reports.  9-he  earliest  times  listed  correspond  to  test  item  container 
separation.  '  , 

The  curves  of  Figures  9C  and  9D  indicate  the  type  of  loadings  through  the 
iflight  regime.  The  first  small  load  peaks  correspond  to  line  stretch. 
They  are  usually  followed  by  small  second  load  peaks  and  then  the  open¬ 
ing-shock  loads.  - 
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The  measured  opening  fimesd®ci'eased  with  increasing  .flight  Macji  num¬ 
bers  (seeTable  Vfll).  This  frenthWaS'  not  observed  -in  Phase  IT  (LP-3* 
LP-4,  and  LP-5).  However,  the  opening  times  for' LP -4  and  LP-5  were, 
affectedlby  i.  5  turns  of  line  twist  caused  hy  initial  niissile  roll  rates  of 
4  to  5  yps.  This  can  be  compared  witli  minor  line,  twist, for  LP-3,  LP-7,, 
LP-8,  and  LPv9;tKat  was  .cafised  by  lower  initial  miss  lie  roll  rates  of 
approximately  1  Tps »' >  ’ 

.->  -  >  ^  '  *  - :  5  -  -.V  -  *  *  -  ,  -  r 

Figure  1 0„  shows  the  lead  measured  by  the  strain  link  and  load/dynamic 
pressure  versus  Mach  number Tor  LP-3,  LP-4*  LP-5,  LP-7,  LP-8,  and 
LP-9..  The  initiaTpeaks  correspond  to  line  stretch  loads;  and  the  later 
peaks*  to  reefed  and  disreefed  opening  Ipads.^ * 

Table  IX  presents  the  dimensionul  and  loading  parameters .  Each  loading 
parameter  is  based  bh  conditiohs  at.the  openihg  peak  loading  that  corre¬ 
spond1  tp  itsi  dimensiqnal^parameler.  ;  ' 


The  values  presented  in  Columns  4  through  7  are  from  the  reduced  range 
data.  The  Goludin  8  valiids  of  load/dynamic  pressure  (L/qj  are  from  in¬ 
terpretation  of  the  curves  after  the  opening,  shock.  The  values  for  LP^4, 
LP-5,  andLP-8:are  evident  for  the  reefed  condition;  however,  LP-8  val¬ 
ues  are  for  a  lighter  weight  payload  and  they  are  not  directly  applicable. 
Values'  for  the  disrhiefed;  parachute,  after  the  opening,  shock  .are.provided 
by  LPt3  and  LP-4-  data.  .  .  '  s 

By  comparing  the  values'  of  Eolumns  7  and  8,  an  opening  shock  factor  can 
be  determined:  as  given  in  Column  9.  The  trend  is  to  lower  opening  shock 
values  with  increasing  Mach  humher-  and  dynamic  pressure.  It  should  be 
noted  that  the  largest  opening  shock  value  occurred  at  the  lowest  Mach 
fiixpiber  and  dynamic  pressure  despite  the. smallest  reefing  size;  i^e_; , 
€Pf8/  •-  '  Vv 


In  an  attempt  to,  correlate’  test  data  and  predict  reefing  sizes  for  other 
deployment  conditions.,:  the  L/q.  Values  at  maximum load,.  as  occurring 
at  reefed  opening,  were  divided  by  reefing  line  length  (RLL)  or  reefed 
inlet  area  (RIA)  to  establish  coefficients. The  coefficients  are: 


KRLL  (ft) 


L/q  at  L  .  (sq  ffiV 

■T, , ..  .  max  v 

'  RLL  (ft)’' 


L/q  at  L.  .  .  (sq.ft) 

'  KRIA  =  RIA  f.sij  ft)  "  •  -  .  (2) 

The  values  of  these  coefficients,  at  their  reefing  dimensions  and  inlet 
reefing  ratios  (£),  are  listed’ in  Table  X  and  plotted  in  Figure  IT.  The 
resultant  curves  can  be  used’ to  calculate  reefing  size  for  a  maximum 
opening  load  qver.  a  range  of  deployment  conditions;  the  larger  reefing 
sizes  correspond  to  transonic  values,  and  the  lower  sizes  to  the  super¬ 
sonic  regime  (Mach  2  to  3).  This  plot  indicates  that  the  coefficient  val¬ 
ues' based  on  .the  reefed  inlet  area  are  less  sensitive  to  reefing  changes. 
The  same  curves  cah  be  used  for  other  sizes  of  this  configuration  by 
using  the  reefing  ratio  values. 


CRAG  COEFFICIENT  BASED  ON  NOMINAL  SURFACE.'Cjj 


wjwj* 7x7. 
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d.  ’  .  'Reefing-Eased? on  Analyti cIl-Me iKods - 


Appfdhch  '  i  '  .  .  '  ' 

The  ADDFEP  PhasejII  repor.t;prgssn£s  an  approach  for  determining  open¬ 
ing  loads  based  On  flow  into- the  canopy,,  canopy  volume  change^  and  flow 
exiting  the  canopy  (Reference  2,  pp.  33  -35R  Tins  approachde  ter  mined 
the  total  drag;  i.  e.\  fhe  drag  of  the  shape^plus  the  miss  acquisition-force 
during  the  filling  process  by  geometric  inCr^ements  of  canopy  growth. 

The  filling  tirnes,  which  became  outputs,  of  the  calculations,  were- much 
less  than  those  measured  during  flight.  The  mass  acquisition  force  cai- 
dulated'agprdached  the  drag  values  for  the  shape  usmg  the  inlet "io*-exit 


with  the  longer  values  measured  reduced  the  calculated  mass  acquisition 

,-forces.. > --=  -  ..  -  :  j 

0s-  ►*  -  r- 9  -  o  -.o''-  *  -  ;  - 


Calculations 


The  shape  drag  calculations,  are  presented  for  LP-5  in  Reference.  ,2  (pp 
35^46).  A  time  was  chosen  after  the  opening  period  and  v/heh_the  decelT 
erations  were  changing  at  a  low  rate.  Figure  12  summarizes  the  force 
value s" calculated  f^oiii  reduced  data  for  the  conditions,  at  a  range  time  of 
_  17:00:1$.. 90-  (‘12.  62.2  sec  aiOng-ifajectory).  -  t  -  . 


REDUCED  DATA-  ..  ..  ..  .  -  '  -  -  . 

VEHICLE  ACCELERATION’S  68.57  g  .  .  .. 

DRAG  LINK  LO'XO  =  ii6,S»aCBc  '  -  ~  - 

VEHICLE-.WT.  FORWARO  OB'ST RAJN.LINK.s  17gS  LB  _<u-S.K»;Le.5JR£IM 

WEfGHTSO^OFSTIwfj^UmiCr&'SSVKIzd:  o;zos  cs\  OAGE-REAOIMGY 

FLIGHT  PATH  ANGLE  =  DEG  ‘s  ,  ''  -  ,-.t  «.  >  .  , 

' "  >-  '  -  •'e3(63.57FLB;FORCE 


179S(6KS7FLB 

FORCE. 

\  5950-LBVEHICLE 
\  DRAGFORCS 

610  LB: 


1 20  (68.571-LB  FORCE 


-V  •  M  «l 

:  ^122,500-tB  -  IT 

CANOPY  .  '88  LB.  XTTACHMgNT.  RING 

LINES' FORCE  PLUS  t/2.0FSUSPENSi0N;LINES 


V7SS-LB  VEHICLE 


\  - 


<I20-LB  (CANOPY  PLUS  1/2  OF-LINES  WT) 

-130, 690-LB  CALCULATED  -  _ 

CANOPY,  SHAPE-DRAG  FORCE  - 


Figure.  1 2  r  Summary  of  Shape  Drag- Calculation  Forces 
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Vshifete  dr  agwas  calculated-as  &e  force  to  establish  vehicle  equilibrium, 
under  the  remaining  loads: 

2-  /9ehiele-3rag  -s?  veniclq, inertia  fprce  -  strain  link  tension  - 
'  .V  :  ~  vehicle  'weighfc  component 

'  V”  r  |3$$$ftr3^;£  n&Sf?&  &’€>  ■ 

X’:-‘  "  \  "  =  5950  ib  (3.) 

■>  - "  ’  1  *  .  _  r 

*  -  '  <•  , 

Canopy  lines'  force5  atxthe midpoint  of  tfeef  ’lines  for  balancing  the  loads  was 

calculated,  al'dng  with  canopy  drag  force,  D;  and  n6minal;„surxace^df ag 

coefficibntj  Gw'.:'  ^  ’■ 

»  5  !.  J®  '  \ 

.  J  .  /V  ,  ■_  _ 

'Canopy  force  at  line  midpoint  =  interia  force  of  weight  aft  of  link :- 
;  ’  weight  component  +  strain-link 

;  tension. 

?-  v-  l*  '  /  %  88(68. 57)  -  30  4  116,540 

;; } ;  1  ,  ;s  =  122^500 ib.  14) 

Canopy- drag  for  be,  D.  =  cahbpylnertia'force  -  weight  component  + 

canopy  line  force'  - '  -1  " 

-  i ■  ’«  ’  " 

"  '  =  120(68.57)  -  41  +  122,  500 

■>-  r-~,  q.;  .  j  r  ;■  ;  . 

^  .  =130, 649Tb  (5) 

Zt  '  -  ' 

-  *  *  Nominal  sur-face  drag  coefficient,. ’C^  = 

•  .  .  o 


^.canopy  drag. force,  jj„. 


.(dynamic  pfesjsure,  q)  (canopy  .surface  area,  S‘  )> 


130,649 

~  (2068.:6)'(2pi;06) 
=■  0.31.4 


The  0;  314  calculated  value  for  the  coefficient,  at  a  high  load  after  the 
peak  of  opening,  falls  correctly  near*  the  curves  shown  earlier  in  Figure 
8  for  the  flight  values  excluding  the  opening  shock.  ' 

(3)  Opening  Drag*  Calculations 

The  opening,  drag  calculations  can  be  made  in. the  same  manner  as  above 
bythe  inclusion  of  the  mass  acquisition  terms.  The  test  results  from 
LP -9,  are  presented  here  as  an  example.  The  calculation  is  simplified, 
as  cornpared  to  the  previous  example,,  by  breaking  the  loads  into  only  two 
parts  instead  of  three  and  ignoring  the  flight  path  angle  weight  components 
because  of  the  small  flight  angle.  Figure  13  summarizes  the  force  values 


34 


O 


to**  '■*»•<*• 


i735(61.0LLB  FORCE  — "■  , 


» 


V 


3  v!T  = 

-  r— 235  (§?.0)-L8  FORCE 


-STRAIN  GAOS  REAO*NG403,000  LB 


JREDUCED  DATA: 


29.100-LB  CALCULATED  MASS 
ACQUISITION  FORCE  - 


VEHICLE  ACCELERATION'S  61.0  f; 
DRACrLINKLOAp  =  lOS.OOOXB: 

VEHICLE  WT  FORWARO-CF  STRAIN  LINK  =  179S  LB 
WEIGHTAFT  OF  STRAIN  LINK  s  '235  tiff 


94. 240-LB  CALCULATED. 
SHAPETdRAG  FORCE 


e  13  - 


oi  .Opening.  Drag  -Calculation  For  ces 


calculated  about  the.  strain  gage  from  reduced  data  for  the  conditions  at 
a  —aiige  time  of  18:00:49: 537"  (fTi  ^T^sec  along  trajectory). 

The  drag  at  the  first  reefing  line  contact  is  based  on  the  area  of  the  inlet 
disc  formed^byth^  reefing  line.  The  uhsTretched  reefing  line  circum¬ 
ference  is  1 6.7-1  It  is  dssuir  sd;  that  this  line  stretched  to  - 1-..2  times- 
its  uhs.tr  etched  length,  or  to  12.,87  ft.  The  corresponding  reefing  line 
radius  is  2.,  06  ft.  The  inlet  radius,  is  consider ed  to  extend  1>.  in.  outside 
of-  the  reefing  line.  Thus,  the  inlet  radius  is  2.14  ft,  and  the  inlet  area 
is  14,4  sq  ft."  " 

Detailed  study  of  the  lpad.  curve  shows  an/abrupt  decrease  from  the  peak 
value.,  signifying  the  start  of  parachute  failure  at  the  T9. 537-sec  point 
of  range  time.  From  analy*!*?,  the  velocity  at  this  point  is  2652  fps,  and 
the  corresponding  dynamic  pressure  is  4480  psf,.  as  indicated  earlier  in 
Figure  7.  J  -  v 

The  mass  .acquisition. for ;ce  -can  be  calculated.  The  opening  time  interval 
extends  from  19.481  to  19.  536,  sec,  an  elapsed?  time  of  0.  055  sec.  The 
Required  mass  is  based  on-the  volume  of  gas  assumed  ito  have  been  ac¬ 
quired' during  the  interval.  This  volume  and  mass  are  calculated  in  the 
following  paragraphs-. 

At  the  time  that  the  reefing  line  is  loaded,  the  canopy  end  suspension 
lines  are  considered  to  be  in  line,  as  shown  in  Figure  14.  The  indicated 
dimensions  are  based  on  the  longitudinal  members  elongated  to  1.  1  times 
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P„  «  p.  m  t  - 


V  K  r  il 

'.X 


2 

M-  - 


,K/K  -  T- 


=  47,9.79  psf 


% 


(8) 


where  p„  =  ,993  ps'f;::K' -  l.;4p  and: ^I>/%  -26^2/1044- =- 2.  §4 


The  specific  volume  of.  the  stagnant  air  mass  (y§)»  assuming  a  reversible 

adiabatic  compression  is:'  „_'  i-  :  ^  •>/ 


-1/41'- 


■>  :i.  4  r 

■7  cor:co  : 


.-s. 


pr 

>  s 


=  3. 10  cu  ft/lb 


(9) 


Wherevoo  =  24. 40  cii  ft/lb.  The  overall  sphere  of  air  weight  thus  be¬ 
comes  60/3.  IO  =  19.35  ib..  The  corresponding  mass  of  the  sphere  is 
19. 35/32. >06  '=  0V604 plugs',  h  .077,  v' 


The  mass  acquisition  force  (E^.)}  is: 


3>V  , 


o  ^ 

,  /’6 


Frn  ■>%£.;  r- 


=  2'9,.1'OOlb 


|10); 


Where  Y  =  2652  fps,  assuming  negligible,  obstruction  from  vehicle  and 
-suspension  lines;  Am-  s  ,Qj.4»jj4. slug  s  land:  At  =  0.  055  sec. 

\  \  >  s  ; 

Finally,  the  force  resulting  from  acceleration  of  the  mass  to  the  rear  of 
the  strain  link?  is  calcuiafed.fpr  the  following  weight:, 

'7“  -  .  7 .7. *  ':5  '  ' 

c  .  '  Item 


3  Strain  link'cbniiection 
/  Parachute;.aTdne  ,  .  ..  ' 

Parachute  viptuat  weights 
Total  weight^behind  strain  link 

’  ,  •<«  '  5 

If  .  -  *  ‘  1  - 

The<  fdrce'(E)  to  accelerate  this  weight  is: 

**  -y  u 

•’  .  3  _  F  =•  ma 


Wa 

g 


;  Weight (lb) 

*  '  ,75 

i4t 

1.9 

235- 


=  14,34Q;  lb^ 


m 
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Where  W  =  235  lb  and  a  =  61.  Ogatthe  instant  of  reefing  line  loading. 
The  canopy  shape  drag  at  the  _same.  insta.nt.can  be  solved, by  equating  the 
•values  abouLthe  sjfrain:linkf  ^ i 


-  \  -  <  ’  *  - 


Canopv  shape  drag.  +  mass  acquisition  force  ■=  parachute  inertia  force  + 
V  f  ’  strain  link  force 

Canopy  shape  drag  +  29,  100  =  235(61.  0)  +  i09j  000 

•  Canopy  shape; drags  D  =  94, 240  lb  (12) 


s-  r  -  -  D- 

:  'Shape,. drag  coefficient  at  maximum  load  .= 


~  -94,-240 

=  4480  X  201. 06 
=  0. 105 


The  0.  105,  falls  correctly  near  the  shape  drag,  curves  shown-earlier  in 


Checking /the  strain. link  value  versus  the  vehicle  inertia  force  to  deter ; 
mine  the  vehicle  drag?  -  ,  - 

Vehicle  drag  force  =  vehicle  Weight  X  acceleration  load  factor  = 

.,  :  .  strain  link  force 

=  17.95'  X  '61.  0  -  109,000 

...  =i,l P?y 500  -  109,  00.0’;, 

\  =  500  1b  (14) 

jjased  on  this  low  vehicle  drag. value,  a  measurement  error  or  errors 
are  evident  in  the  load  factor,  or  dragline  load-.  The  Vehicle  drag  at  these 
conditions,  shbuldrbe  approximately  9200,1b. 

(.4):  Opening  Reefing,  Line,  Loads 

Phase  III  testing  experience,  with  premature  disreefing  and  resulting 
skiht-hand  failure  (LP-7  and  LP-Sjj,  emphasizedthe  need  for  determining 
the  magnitude  of  the  generated  hoop  loads  on  the  reefing  line.  This  analy¬ 
sis,.  described  in  Appendix  L,  offers  a  new  basis  for  future  predictions  of 
the  high  values  likely  to  be  encountered  at  high  q.'s,,  i.  e.„  greater  ithan 
5000  psf. 

4.  LARGE.  PARACHUTE  GEOMETRY 

The  basic  configuration  of  the  Phase  III  LP-.7,  LP-8,  and  LP-9  large 
parachutes,  as  well  as  the  Phase  II  LP-3,  LP-4>  and  L*P-5  items,  is  a 
16-ft  D0  hemisflo  ribbon  type,  with  10-percent  extended  skirt  and  14- 
ner.cent  genmet.ri  porosity.  The  parachute  profile  dimensipns.  are. given 
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in  Eigure  15,  and  the  ribbon  arrangement  and.  dimensions  for  a  typical 
gore  with  the  desired  porosity  are  found  in  Figure  16  and  Table  XI.  The 
parachute  dimensions  were,  derivecfby'geometr.ic  computation.  Layouts 
arid;  calculations  deter  mined,  the  ribhoharrangement  with  the  desired  po- 
.  :  "rosity  (Phase  il  reporfi  Reference  2). 

5.,  structural  loads  and  material  selection 

v  "y> ‘  .  -  %  '  •»  >  ^ 

-as  General  • "  '  "  -  r  - 

Luring  Phase  II,  all  structural  elements  of  the  large  parachute  were  ana¬ 
lyzed  for  an  .opening:  shock  load  of  200,  000  lb.  Hence,  material  selections 
and  sizes  for  LP-7,  LP-8,  and  LP-9  remained  essentially  the,  same  as 
for.  LP-3;  LP-4,  ^and  LP-R  by.  controlling  the  reefing  within  this  -Opening 
load  limit.  This  meant  that  the  suspension  lines,  ribbon  patterns,  skirt 
band,  and, -reefing. line  were -the  same,  except  as  the  LP-8  and  LP-9  reef¬ 
ing  lilies  were  modified  following  the  LP-7- teistv 

,  -V:  I  V'4-' l  .>  »'■'  -  -  - 

>b.  .  Reefing  Lines  ~ , 

Part  of  the  reefing  line  load  can  be  deter mined/fr.om  the  canopy  geometry 
•and.  the  drag  load .  The  =f, emainder  pf  this  load-  is  ass ociated  with  absorb  - 
ing  the  ener  gy  attaineddurfngXopenihg.  : 

It  is  reported  in  Reference  2  (Phase  XI)  that,  for  a  200,  000-ib  drag  load, 
the  corresponding  geometric  reefing  line  load"  is  5700  lb.  However,  it 
is  also  reported  imReferenc.e  .2j  based  on  the  LP-3  tests,  that  a  reefing 
.line,  strength  considerably  greater  than  5700 -lb  strength  is  required  to 
withstand  the-df  ag  and  opening  Tpads.  Accordingly,,  after  the  LP  =3-  test,, 
the  reefing  line  design  was  modified  for  the  LP-4  and  LP-5  tests  by 
„©  changing,  the  reefing  ;4ndrV'^bing#^rpinv-twb-:.6bod-:ib'.^aLted  webbings  to 
bhe>60OP  -Ib-andi  one  12, 0OOrlb,  rated webbing. 

•’  .  v 

This,  design  was  also  chosen  for  LP-7  because  the  design  drag  load  re¬ 
mained  the>  same  as  for  LP-5.  Nontheiess,  the  LPr7--'re%firtg  line  failed. 
Therefore,  -the  LP-8  and  LP-9  reefing  line  design  was  modified  to  con¬ 
sist  of  two  T2j  000-lb  rated  webbings  joined  together  (shown  in  Figure  17). 
This  des  ign  was  tested  to  18,  850 -lb: ultimate  -s.titi'cToad,  as  compared  to 
24,*0Q0>>lb,  With  failure  occurring  at  the  load  pins.  The  reefing  failed  on 
the  LP-9  test.  s  - 

The*  maximum  reefing  -ring  load,  based  on  a  24,  000-ib  reefing  line  web¬ 
bing  Strength,  is  472.0  lb,  which  is  less  than -the  test  value  of  6200  lb  for 
the  reefing  ring  attachment,  (Reference  3).  - 

6.  THERMODYNAMIC  ANALYSIS, 

t>r.  •" 

*  w  * 

The  thermal  analysis  of  the  large  parachutes  is  detailed  in  the  Phase  II 
report  (Reference  2).  Because  this  analysis  included  Mach  3  operation 
'  at  8000 -ft  altitude,  no  alteration- or  expansion  of  the  analysis  was  nec¬ 
essary  for  Phase  HI.  No  significant  thermal  effects  wpre  -predicted with 
the -materials  chosen.  No  evidence  of  aerodynamic  heating  damage  was 
observed  in  post-test  examination  of  the  large  parachutes. 
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TABLE  XI  -  RIBBON  A&D  WEB  DIMENSIONS  FOR  TYPICAL.  GORE 
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- 

-  ■  •  '  -  Ml L-l#-4O0e..TYP£  xxin..  f  _ 

- 5  -  '  n. jztm.'K  iicoo  tsT  ^ 

' 

*ot£$:  » -  ,  -  ,r  .  -  ; 

1.  LAYOVTiSTCAIGHTUNOER  TENSION  TO  Dl/UJETERS  SHOWN. 

; 

-fiLo*  f  OR  setics  SHRINKAGE  ONLY.  -  - 

,2.  mark  gore  intekvaLs  oh  BOTH  PLIES.  ,  v~ 

3.  MATCH  MARKS  WHILE  STiTCHJNG. 

- 

„  -  4..  MARK  GORE  NUMBERS  AS  iHOWH.. 

l 

- 

r.  -  '  n  :* 

5  >  .  - 

l~.r 

- 
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Figure  17  -  LP-8  and  LP-9  Reefing  Line  Construction 
MATERIAL,  SEAM,  AND- JOINT  TESTING  . 

-  o»._  *  '■>  '  - 

During  Phase  II,  the  basic  material  strengths  and  the  joint  and  seam  fab- 
ricatipn.s  us ed’ ih  des ign  and  construction  were  determinedby  tests  in  ac¬ 
cordance  wtih  Federal  Specification;  CCC -T - 191.  The  designs  resulting 
from  development  testing  are  documented  in  the  design  drawings  (Refer- 
ence.2), 

For  Phase  III,  the  pnly  additional  testing,  was  that  required  for  qualifying 
new  lots  of  material  or  for  changes  In  construction.  Examples  include 
the  new  heavier  reefing  line  (Figure  17}  and  the  use  of  different  size  MIL - 
TV5038  tapes  as  canopy  break  ties  in  the  deployment  bgg  (discussed  in  the 
following  Item  §  of  this  section).  Loop  tests  Of  the  reefing  line,,  fabri¬ 
cated  of' two ‘MIL -Wr 40.88  Type  XXIII  webbings,,  developed  an  ultimate  load 
of  37,  700  lb  against  its  material  rated  strength  of  48,  000  lb. 

DESIGN  AND  FABRICATION 


General 

The  Phade  III  large  parachutes  retained  most  of  the  construction  details 
of  the  Phase  II  parachutes  (Reference  2).  This  continuity  was  possible 
because  the  original  parachuterwas  designed  for  operation  at  Mach  3,  0 
and  10,  000 rpsf  dynamic  pressure,  the  most  severe  conditions  to  be  en¬ 
countered  during  Phase  III,  However,  some  structural  changes  were'  in¬ 
corporated  as  a  result  qf  the  Phase  II  testing.  These  included  improving 
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the  vertical-to-okirt  bandattachments  and  using  additional  sewing  to 
attach  the  teflon  sleeve  to  the  suspension  line??  heavr  the  canopy; 

Apart  froni  these  structural  changes,  color  was  added  to  specific  line  and 
Canopy  areas  to  aid  data  interpretation  and  correlation w.ith--,p,ost -=te  s  t  inrr 
sge.fctions  (see  .Fig'u”:er  .l8); ' ,  ./  -  - 

Drogue.  Parachute  and  Deployment  Bag 

For  the  LP-7  test,  the  pilot  or  drogue  chute  size  was  reduced  from  48  to 
30  in.  po-td  control. the  drag  force.  For  the  LP-8.  and  LP-9  tests,  drag 
force  -wa's  controlled  by  further  reefing  of  thd  drogue.  Additional  infor¬ 
mation  and  supporting  calculations  are  given  in  Appendix  II.  Since;  the 
drogue  parachute  was  in  excellent  dohditipri  after  the  tests,  no  changes 
were  in'cprpprEtcd  tosthe  dr ogu'e  design^  .  ' 

During  the  LP-7  test,  some  damage  dccurr.pd  tp  the. deployment  bag  of 
the-drogue  parachute.  Hence,  for  the  LPr-;8  and.,LP-9  tests,  ‘the -.deploy¬ 
ment  bag  was  modifiah  by  incorporating  additional  sewing  between,  the 
longitudinal  webbing  and  the  re,air  laterhLhcdp^  *  . 

The  LP-9  tests  indicated  the  drogue  and  drogue  bag  were  suitable  for  the 
test  conditions  of  Mach  2.  7  and  5155 -p  sf  dynamic  pressure, 


Figure  18  -  Lai’ge  Parachute  Marking  Pattern 
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S'  Test  Item  Parachute  aridfDepicvmept  Bag 

The  DP-7test  showed  xhe  test  itexn  deployment  bag  would  haye  to  be 
strengthened  fo  withstand  lb?  loads  generated  by  the  jj9.cr.eas.ed  internal 
'  pressure  in<tbe  hag  daysed  by  the  roprieasedvdynsroie  pressures^  JTr&n 
ihe  onboard  films,  fh&  high  pressures  appeared  tohaye  failed  the  fdr- 
wurdbag-restraining  loops;  this  allowed  the  bag  Dalyes  to  roid.  backend 
pexrijitted  the  lprward-pdrtioh  pl  the  suspension  liner  tobedr.agged 
across  the  lines  still  stowed.  The  rear  portion  of  the  lines  appeared  to 
haye  deployed  id  a  less  orderly  njanher  tha^.t|ie  forward  portion.  Ppst- 
flighi  inspection  sJ^owed  that  the  a  ear  half  of  the  hag,  behind  the  locking 
loops,  was  split  longitudinally  a*><<wing  a  portion  of  the  canopy  to  he  pre¬ 
maturely  exposed-  One  of  the  four  hag  loops  holding  the  locking  -loop,  was 
.  -  also  broken.  '  •  .  '  ‘ 

“  0 .  -  '  7  ■  -  _  -  - . 

Inspection  of  the  nylon  suspension  lines  revealed  considerable  overall 
damage,  such  as  that  caused  hy  nylon  rubbing  across  nylon  at  high  speed 
and  under  heayy  loads .  Damage  irpin-  rubbing  was  also  evident  on  the 
inlet,  hand.  The  inlet  hand  is  a  continuous  iff,  .OOP -lb  nylon  web  wrapped 
arena#  twice,  price  to  form  the  skirt  hand  and  pnee  to  form  the  pocket 
hands.  The  outside  (pocke t  band)  wrap  was  rubbed  through  behind  one 
cutter  pocket  and;  was  dariiagedand  lailed'  in  . other  areas.  Two  complete 
breaks  occurred  and'  two  cariopy  gOre  rips  resuited.  One  break  stopped 
at  the  first  reinforced  ribbon,  arid  the  other  involved  only  two  ribbons.. 

Other  cariopy  damage  was  associated  with  the  reefing  rings  and  With  the 
butterfly  reinforcements,  i>rie  ring  was>  torn  loose,  and  the  sewing  was 
pulled  at  other  rings  and  on  php  side  of  the  butterflies.  The  reefing  line 
was  cut  in  pne 'plrice  arid  broken  :in  another. 

The  te§t  Item edeploymerit  bag,  sesp&nsibn  line  protection  sle;eyes,  arid 
reefing  line  strength  were  modified. pri  the  basis  of  post-test  inspection 
and  film  data  of  DP-7,  The  hag  design  changes  were  made  to  iiriprove 
its  strength  and  provide  increased  protection  fp'thj  lines  aji#  jpumpy  dur¬ 
ing  ^deployment  fsee  if  rawing,  530Aff05-.Ol7 -ITlJ,  These  modifications 
included; 

1  .,1  v 

1,  Changing  the  nylon  bag  material  from  MID-.Cr7219 

Type  lil  cloth,  7.  2 5  :oz/sg  yd  (325  by  275  Ib/in. )  to 
Stern  arid  Stern  Pattern  2.823,  20, 5  oz/sg  yd  (12.00 
by;  1200; ip  Jin. )  >  '  > 

2,  Adding  an  interior  cotton  lining  to  the  bag  to  coyer 
the  nylon  bag  cloth,  longitudinal  webs,  interiorflap, 

5  restraining  flap,  and  locking  loop  flap, 

j 

3,  Adding  Teflon  cloth  to  coyer  the  hag  locking  loops 
and  ca nopy  locking  loop, 

4,  Replacing  the  No,  2  grommets  with  the  larger  No,  3 
size  and  cutting  instead  of  burning,  the  hbies  for  the 
gr  drome  ts,  (Test  data  are  presented  in  Appendix 

iii.  5 
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Using  one  tengtb-qri£nfced  flap  instead  several 
restraining  loops  to  restraw  the  bag  after  Opening, 
(The.  flap  allov/s  the  bag  16  increase  3r?  a  5hdn,  pe¬ 
rimeter  upon  e.uitwg  lacing. )  '  -  f.  ? ' 


A 


e, 

>0 


* 

❖ 

f 


<h 


4 


& 


4  dte 
^  < 


new  procedures;  - 

1,  Locating  1.5  folds  of  the  sstepenslon  lines  on  ihec 

canopy  side  p/  the:lbcld4|;loep.  ;  „ 

2.  Increasing  the-  suspension  line  tie  .strengths  with  the 
stroisgestfidf  xiearest-  the  canopy.  The  ties  anhbreaJc 
values,  ba^ed  on  static  pull  tests,  were  {aj  sb^-lhtie 
material  fMILrT'bP3,8.Type  V,  9/lh  In;  ),  firstlhird 
pf  lines  (nearest  the  confluence  point)?  (B)  BOO'-liiiie 
material  4MIL-T--5038  Type  IV,  t/2  5m),  second 

.  third -M  jinepr  -{d)<  7jbO>1Rff  fe  Aiafaa-rfaJ 

Type  IV,  5/8  in,),  last  third  of  lines  (nearest  the 
canopy). 

Other  design  changes  included  (I)  increasing  the  length  of  the  teflon 
sleeves  around  the  suspension  |ines  to  5  it;  and  (2)  removing  the  reefing 
line  cutters  to  allow  using  a  , permanent  reefing  line  of  two  thicknesses  of 
12,4500-lhwebhihg; (see  Item  5,  b, ),  ,5 

These  design  chang-  were, incorporated  into  the  TP'S  and  jLP-9  test 
units.  The  JfPdJ  test  conditions  were  much  . less  severe  than  anticipated 
(see  Table  IX),  and  no.  damage  resulted  to  the  deployment  system  or  the 
test  item,  Under  ihe.  £/Pr§  test  conditions,  which  was  the  most  severe 
of  tjbe  series'  (see:  Table  IX),  the  deployment  system  withstood  the  loads 
with  minimum  damages  However,,  inspection  of  the  tested  item  canopy 
and  lines  indicated  reefing failure,  major  canopy  damage,  and:  ex- 
tensiyeroveraii  suspsnsiohTine  damage;  ; 

Hased  oh  these  observations,  it  is  concluded  that  reefing  line  improve¬ 
ments  or  alleyiation-of  reefing  loads  are  required  for  the  higher  dynamic 
pressures,  The  suspension  line  damage  and  failureat  low  load  values 
indicates  that  more  protection  or  different  suspension  line  materials  are 
required.  The  teflon  slgeyes  and  new  deployment  hag  appear  to  hhye  re- 
duced  lqcal  line  damage  associated. with*  the  lines  rubbing,  on  the  bag  or 
locking  loop  during  deployment.  The  line  damage  may  he  associated 
With  the  nylon  lines  rubbing  against  each  other  during  deployment,  if 
this  is  true,  it  may  be  necessary  to  use  sleeves  for  the  total  length  of 
the  lines  or  to  change  the  suspension  line  material.  Prom  a  weight  and 
cout  standpoint,  a  switch  from  nylon  plus  teflon  sleeves  to  Nomex  lines 
may  be  indicated;  Nome#  appears  to  have  the  capability  of  withstanding 
hie  high  loading  rates  associated  with  the  test  conditions,  based  on  the1 
behavior  of  the  canopy  verticals  and  ribbons. 


9;  DEPLOYMENT  SYSTEM  AND  PA CKINd  PROCEDURE 


f 


The  system  established  during  Phase  II  for  deploying  the  large  parachute 
test  items  is  described  slep^by-stepdn  Reference  2,  This  system  was 
continued  successfully' throughout  Phase  HI, 
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Ji)-.  StfMMAfty  A^D  CO^CI;y51QHS  r. 

a»,  .  Gohfigufa.fiohf  -  -_  *  \  -  - 

rc"%'  '  ■*, -y -■  -  _  _--  . 

tests  were  conducted  bn  large  p&raehute  (BP  5  decel- 
?^^°rS  1**°i*e  i>aS:IC  c?^gwration  was  established  by  Phase  II  tests 
(Reference  2)  aha  earlier  wind'iurujel4ests„  The  ireei—tii&hi- 

•  .  “1Sf  ^  **««'“>  low  iaietdraa  ratio 

-  Aerodynamic^  B/oaElhfis  -  -• »  -  -  - 

c  .  „  ;ffV"  _•  . "":;  «  5  ■  - 

«  jjf  *t»asfe  *-h®  /*&?- flight  date  gave  higher  shape  drag  coefficients 

Xh  Wnd-iifohel  testis  (see  Pi'gure  S)  Therefore  rispfino 
*#*  ****&#**'  calcuSioSfo# 
-■iZafr&%‘i.  -  -  sizes  were  based  on. extrapolations  of  the 

-caeff^ent  cnryes  ot  «*. 3„  ;BP-4,  and  BP-5.  /presented  i/ISS r7l?f 

*»?!*“**!*•  final  difi.  point*  on J3gure  11,.  good  I«£ihtiina 
%  oitatned  oy*r  tharanga  of  taatad  Miffng  siai 

Ihe  theaspred  opening  tiroes  decreased  with  increasing  flight  Mach  num 

sSSt^Sl^r j ^  *f*  *«*  yin).  This  SSt  obT 
?L?y^~.?n  %  iLPWeye^j.  She  operihg.  limes  for  BO-^and  BP~5  •,««, 

appear  to  have  been,  lengthened  due  to  1/5  turns  e/lfoe  *£%  ^ 
fo  smallest  values  for  BP-3,  BP-7,.BP-J,  atffj^l? 

'  ,  '  ,  o  ' 

Based  on  the  values  calculated  for  gening  shock  in  Table  IX,  the  ooen- 
dec^eased  with  foe -easing  Mach  number  and, dynamic 
pressure.  it  should  be  noted  that  the  largest  opening  shock  value  oc- 
curred  at  the  lowest  Mach  number,  dynamic 

•  4  ■/  t 

;  '  '  j  S  j 

Because  of  the  strong  inflation  characteristics  of'the  BP-B  configuration 
hich  resulted  in  failing  the  reefing  lines  of  BP-7  and  BP-9,  an  analvtte* 

foad7fhanausr^S+i!1?lde:rtal'en  *hs*  appears  to  better  estimate  the  hoop 
loads  than  using  the  geometry  and  the  drag  force  (see  Appendix  X).  P 

Geometry  " 

e  .  ig  ,est  Mach  numbers  by  using  shorter  suspension  lines,  changes  in 
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canopy  porosity,  or  distribution  of  porosity  were  not  attempted  cnr- 

;  ^ing  Phas^tEk  -  ;  .v  ■  '  , ,  .  '  »  „**  £/  •  :'  '-  -  - 

•d/  Structure  •’  •  -  -*  V  • 

■~0  i  aww  —  —  i,.  mm  -  _  -  7  . 

_  - '  ^>.  :•*'  *  '  ~  -  -  - 

inspection  of  the  parachute  after  each  test  confirmed  the  lack  of  thermal 
effects  on  the  structure,  Ja  tbs  BP-7  and  EP-9  tests,,  reefing  line  fail¬ 
ures  overloaded  the  canopy  and  tailed  weakened  suspensionJines  ingroups, 
'Tie  fine  damage  y/as  assoeiatedydth  high-speed  .ebbing  of  nylon  on  nylon. 
This  pclairred  despite  an  improved  deployment  bag  and  teflon  sleeves  that 
extended  five  feet  forward  of  the  canopy/  Canopy  damage  after  reefing 
line  failure  included  breaking  the  shirt  band  and  some  ribbons, 

'  5  “  -  _  ‘  V-  ~  SO  '  '  i\‘ 

Based  on  these  results,  more  consideratiph  should  be  directed  toward 
Changing  the  suspension  Tine  material  and  reducing  the- reefing  line  loads 
at  Ivlacb  number  s,  above  T,  - 

s> :  lleplovment  System  and'  Packing  Procedure 

a-  .  •  C  *  ’  *.■=  .  . 

The  deployment  and  packing  procedure  was  satisfactory  based  on  films 
and  inspection  of  the  bag;  however,  line  damage,  nylon  on  nylon,  and 
line  breakage  occurred  on  most  tests.  The  procevlure  was  the  same  as 
presented  in  Reference  2,  with  changes  to  reduce  ideal-line  damage  and 
Obtain  a  straight  pull  on  the  cutter  lanyards  {see  Item  9  of  this  section). 

The  near  -perf  ect  condition  of  the  newly  designed  deployment  bag,  drogue 
parachute,  and  drogue  parachute  deployment  bag  after  the  BP-9  test  in¬ 
dicates  no  changes  are  required1  to  bfach  2, 7  and  a  5lB5-psf  dynamic 
pressure  for  this  system,  v  -  :  - 


(Reverse  is  blank) 
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-  The  .goal  of  the  £mall  superspni  c  parachute  effort  under  AO.DPEP  (Aero¬ 
dynamic  Oeployable  Decelerates  Performance  -Evaluation  Program)  was 
to  esi  Jii.  the  configuration#  loadings,  de  siga,  and  iri^jctural  materials 
need  ^  to  attain  stable  perforn  ancefor  flight  speeds  upto  Mach  5  arilfor 
£ ynamf  c  .pressures- tp  50p  psf ,  This  work  was  initiated  during  Phase  1 
.  |RefefepCfi  j)-a^^ncl^a^; during  Phase  I li.  c  - 

b. . ,  Background  , b  "  , 

.  Ptyrto  &e  ApPPEP  under takang,^yind-tunnel  and  ft  ee-flight  tests  indi- 
oaf edxtha.t  a  truncated  cone-type  paraorute  Beld  promise  at  supersonic 
speeds  .and  at  low  ratios;  of  decelerafor  4hz«  ^payload  size  (References 
ID  and  1,9) .  Wind-tunnel  tests  of  small  parachute  models  indicaledihat 
reasonable  inf  lation  and  attitude  stability  could  T*.  "Stained  with  cloth 
S  des  and  a  porous  base  (or  roof)  made  of  Pgrjon,  which  is  a  fine-mesh 
material,  However,  free-f  light  performance  data  of  Perlon  parachutes 
y%exe  t&nifod  10  approximately  Max3^  2, 1  because  of  thfe  limiter  ma¬ 

ture  caj^bflity  of  this‘fine-mesh  material.  While  JJomex  ribbons  also 
were  used  to  construct,pqrotL&  goofs,  wind-tunnel  tests,  at  higher  Mach 
numbers  showed  considerably  degraded  performance  as  compared  to  para¬ 
chutes  made  of  fine-mesh  roof.  In  the  light  of  these  considerations,  one 
of  the  fi^st  efforts  under  Ai^PEPwas  to  develop  a  Nbmexfihe^mesb  ma* 

.  teriaf  and.sssociated  coatings  jfor  the  higher  temperatures  linked  with  the 
flight  ehrifonmehts  a:t  Mach  2],4  fo  ^Vp, 

To  generate  the  basic  engineering  data,  , two  concurrent  tasks  were  con¬ 
ducted,  The  first,  undertaken  as  an  in-house  program  by  AFFPL-RTD 
personnel,  provided  fullr scale  wind-tunnel  data  on  past  snjall  parachute 
designs  and  bn  a  ne^yly  generated  ADDPEP  design  (Reference  10),  These 
parachutes,  which  had  low-  and  high-t empe ratur  e  roof  mesh  materials, 
were  tested  in' wind  tunnels  oyer  past  and  contemplated  test  regimes.  The 
second  task,  undertaken  under  ADDPEP,  was  aimed  at  (1)  establishing 
free-flight  data  on  past  designs  using  old  and  new  materials;  and  (2)  de¬ 
veloping  analytical  methods  for  designing  small  supersonic  parachutes, 

> 

The  AFFDD-RTD  wind-tunnel  tests  established  the  sensitivity  of  the 
small  parachute  to  the  free-stream  Mach  number  and  to  manufacturing 
tolerances.  They  indicated  that  an  effective  ratio  of  inlet  area  to  exit 
area  approaching  the  critical  for  isentfbpic  flow  in  a  convergent  rigid  in¬ 
let  is  required  to  ensure  full  parachute  inflation.  The  exit  area  was  based 
on  0)  the  open  percentage  of  the  roof  mesh  (based  on  measurements  at 
0.5  in.  of  water  differential  pressure)  and  (2)  the  roof-mesh  area. 
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Two  bjisic  sma.il  pa.racbv.te  4r^P0  cqpfignratiqns  wpra;  investigated  during 
Piia.se  1,  The  first,  hhovsn  aspYPERPLO,  followedpast  designsJRefer~ 
eiices  19  and:20),  The  second^  bnovm  Initially  as  Composite  l  and  latex 
as  PANASONIC,  Was  evolvedas  part  o£  the  ApDPEP  effort, 

T^qptYPEREl/O  parachutes,  designated  5P-1  and  SP-2,  Were  obtained 
tprrfhe/Pf^L  J~  undertaking,  TheSp~l  test  item-had  a  perlon  mesh-roof 
api Was  qesignedfor  a  planned  Mach  2/08  test.  The  SP-2  item  had  a 
..  i^omex  mesh  robf  ahd  was  designedrfor  a  planned  ?Mach  2,  74  test.  The 
eopamon  design  of  these  two  HYPERFPO  parachutes  was  based  on  the’  gen¬ 
eral  guidelines  established  prior  to  the  ADDPEP  effort  1>y  (1)  wind-tunnel 
tests  pi  small  parachpte-models  trailing  a.  simulated  payload  at  Mach.2, 3 
to  4,  $5  (Reference  19);  and  (2)  one  free-flight  test  behind  a  9~in,  missile 
at  Mach  2  V,  at  1.01, 2GQ~ft  altitude,  and  at  7i  O-psf  dynamic  pressure  {Ref¬ 
erence  21)>.  Tins  flightrtested  model  had  a  2,  71 -it- diameter  canopy:  (D0), 
it  used  35 -percent  porous  Perlon  mesh  for  the  roof  gores,  aud  it  Rad  a 
total  rpx>2pprpsity  of  26  percents,  Earing.  Phtae  J,  the  J5P-1  and  SP-2 
units  ^srd-hoiiphut  inissile  naaifiinctioris  .prevented-  their  successful  de¬ 
ployment,  .  -t .  •  »  - 

The  PARASONIC  configuration  was  evolved  fr  dr  ,  (1)  the  inflated  coordi¬ 
nates  pf  a  stable  model  while  under  wind-tunnel  test  in  the  von  Karman 
Gas>  Eynamies.facility  at  .Arnold  Engineering  ©eyelcpment  Center  (Ref¬ 
erence  22);  and  (2)  lohdings  derived  by  analytical  methods.  The  evolved 
configuration  most  nearly  met  the  shdpe  requirements  of -an  isotenspid 
design  oyer  the  Mach, 2  to  4  regime  for  the  predicted  loadings.  ,  The  meas¬ 
ured  coordinates  for  the  wind-tunnel  model  and  the  nominal  coordinates 
for  the  evolved  configuration  are  given  inPigure  20  of  the  Phase  A  report 
•(Reference  1), 

Three  small  parachutes,  'based  on  the  PARASONIC  configuration  and 
designated  SP-r3,  SP-5>  and  SP-.7,  -were  designed  during  Phase  1,  They 
h&d  aidur-fpot  diameter  canopy  (D^  -,  Two-£P-3  and  one  SP-7  umts  were 
constructedof  Nomex.  The  major  differences  between  SP-3  and  SP-7  lay 
in  the  strength  of  the  suspension  lines  and  in  the.  porosity  of  the  mesh  roofs, 
which  were  coated  to  correspond  tp-the  test  Mach  number  requirements. 

The  design  melhods,  as  well  as  the  actual  designs,  of  all  the  Phase  1 
small  parachute  test  items  are  described  ini  the -final  report  (Reference  1), 
the  results  of  windr  tunnel  tests  are  given  in  References  10  and  20. 

d.  Phase  HI- 

Three  new  PARASONIC  small  parachutes,  designated  SP-3,  5P-4,  and 
SP-5,  were  constructed,  during  Phase  in.  These  were  identical  in  all 
principal  geometric  details  to  the  basic  PARASONIC  design  established 
during  Phase  d.  Such  a  continuity  was  possible  because  the  maximum 
Mach  5. 6  planned  for  the  Phase  HI  test  item  (SP-5)  fell  within  the  geo¬ 
metric  capability  of  the  parachute  as  originally  designed.  The  configura¬ 
tion  is  shown  in  Figure  19*  and  the  details  are  listed  on  the  following  page! 
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Figure  19  -  Configuihtion  for  PARASONIC  Parachutes 
s  '  /  SP-4  #-4>  and  SP-5 

Canopy  nominal  diameter;  b^.  *.  4A 

Shape;  isofensoid  canopy  witbmeshxoof 

RatiPHof  inlet  areatoejdt  -ar-esa;  ^fnief^— exit  * 

Humber  of  gores;  12 

Suspension,  line length  (effective);  Lg  =  2Dq  *  bl- 76  in. 

Porosity;  -nominal  5  percent  overall  with  porous  area 
limited'!©  mesh  roof 


Material;  Horn  ex- .coated  to  meetheating  and  porosity  re¬ 
quirements 

The  planned  Phase  111  test  conditions  for  5P-3,  JSP-4,  and  SP-5  were  es¬ 
tablished  with:  AFFDL  RTD  concurrence-  Each  set  of  test  conditions  re¬ 
flected  booster  capability,  range  safety  requirements,  and  results  of  pre¬ 
vious  tests-  Trajectory  analyses  produced  .the  desired  lest  conditions 
that  are  shown  an  Table  XII-  The  calculated  parameters  after  deployment 
are  shown  in  Figures  20A,  2  OB,  and  2  0G- 

As  part  of  Phase  111,  a  new  4 -ft  JD-,  HYPERFhO  parachute  was  built  that 
was  has  fed  bn  the  Phase  1  SP-h  and  SP-2  coxrfiguratibn-  This  HYPERFEO 
parhchute  was  wind-tunnel  tested  along  with  a  PANASONIC  -unit  fox  xom- 
parative  purposes-  Both  were  constructed  and  coated  to  meet  the  same 
high-Mach  number  flight  requirements- 
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TABKE  xil  'T  BSSIRSO  TEST  POINTS  OF  PARASOMC 
:  jSMAi>jL  PARACHUTES  .  -  ,  - 

Y  -j  <1  .  *f 

-  ^"Desijghcomiguratibn 


Initial'  conditions  = 

'  £P-3r 

V  BP-4  - 

-  SF-5 

Mach  io. 

2,50  i 

;  4,  00  ’ 

5,359  . 

Altitude  (ft)  -  . 

£5,000 

5  >s  "  ' 

99,  000  ; 

121,000 

.Dynamic  pressure  ,(psf) 

200 

274 

201 

F'light^path.fAgle  >{deg  : 
fromdioriz)  .  , 

^  T  6,3, 

‘  583,2 

,  77,6 

iReynolds  no,  ^millions) 

:  2, 14 

:  1,70 

0,85  . 

■  '  *  **  ,  -.if* 

-Booster  comb1*' 

HP-N  » 

HJ-N-N' 

si-N-i 

^Booster  sSefiijIjtiojis;  HT  Honest JchniTf  *_  Hike; 
%  *  Banee  -•;  :  - 


2,  WINS- TUNMEI^  AND  FREE-FEIGHT  TESTS 

a,.  General  • 

Wind-rfunnel  and'  PANASONIC  parachutes  were 

conducted  inlhepr  opulsion  wind tunnel pi  Arnold  Engineering  peyelop- 
ment  -Gehihr;  The  generally  superior  stability  of  the  PANASONIC  con¬ 
figuration  in  -these  tests  merited  their  recommendation  for  flight  tests. 
Accordingly,  the  three  PARASONld  parachutes  (SP-3j  tSP~4j  and  EP-5) 
were  flight-tested  -behind  Tost  Vehicle  '£*  ph.  f&e  Eglin.Air  Pof-ce  Base  test 
range,  PKe  actual  test  -condifiphs  are  summarized  in  Table  X1H,  fh  gen¬ 
eral;  these  tests  .demonstrated  the  capability  of  the  small  parachutes  to 
operate  up  to  the  conditions  of  the  BP-5  test.  The  tests  also  showed  that 
the  temperatures  predicted  by -theory- -were  conservative.  Significant 
heating  occurr  ed  fluring  re-r  eniry  -of  •  BF^  5,  -Motion  pi  ctiires  ihdi  cated  that 
the  parachute  maintained  satisfactory*  inflation  with  some  ns  dilati  on  in 
the  transonic  negamei  Pf.ag  traces  were  similar  to  those  obtained  in  the 
wind-tunnel  using  the  .same  size  PABA50NIC  parachutes  at  Mach  2,  6  to 
3,  0  for  BP-5, 

h,  WindHTuhnel  Tests 

i 

a  ' 

(1)  Parachute 

Figures  21A  aod  213  show  the  construction  geometries  of  the  wind-tunnel 
tested  PAIRASOMC  andTiYPFBFiLO  parachutes,  as  well  as  the!  *  locations 
behind  the  f  orebody, 

5>>  *  ’ .  *  ...  t 

The  4-il- diameter  HYPEEFLO  parachute  was  constructed  of  Momex. 

Only  the  roof  panel  was  coated  with  Dyna- Therm,  The  mesh  roof  was 
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SECTION  IV  -  SMALL  PARACJfU^E  DECELERAfOR 


-i  -  - 

constructedof  0,25-in.  webbing.  The  total  porosity  of  this  parachute 
was  approximately  5.  6  percent,,  and  its  Mdet-'tdrejdtarea  ratia  was  7. 0> 

-  .- *■  7  .  ~0  -  a 

The  4-ft-diameter  PARASONIC  parachute  for  -the  wind-  tunnelte s t  was 
constructed  nf  nyloniwith  a  pyna- Therm  epating.  on  the  canopy.  The  mesh 
roof  was  constructed  of  0, 25  -in.  webbing.  The  t'tai  porosity  of  this  para- 
chute  was  approximately  5. percents  and  its  inlet-tb-exit  area  ratio  was 
7,0;  /'  *  '  V  I  “  .  -v  ' 

7  /*  ;  '•*  *•>  .  t  '?  '  -  •- 

(2)  "Test  Setup  e-  '  -  '  '  -  ' 

^  ^  .  ?  .  -  *  .  _ 

The  parachutes  were  deployed  from  a  strut-mounted  centerbody,  The 

-  location  of  the  centerbody  in  the  wind  funnel  is  sbown  in  Figure  22.  The 
parachutes  were  packed  in  the  aft  end  of  the  centerbody  oh  a  spring- 
loaded  plate.  They  were  b  ’d  inside  the  center  body  and  against  the  plate 
by  setaining  straps  that  »  released*!^  a  squib-fired  release-pin  mecha 

-  nihm,;  '  /  :  '  J  ’ 

"*'•  7-  -  :  '-=r  -  -  '  , 

Vi-  o.  -  A  ' 

the  parachute  riser  was  connected  to  the  centerbody.by  a  cable  with, a 
load  cell  in  series.  A  swiv/gl  was  used  to  prevent  twisting  of  the  par a- 
•.  chute  suspension  lilies.  A  shear  pin  designed  to  protect  the  load  cell  was 
=  jrsed  tp  . connect  tfterisefline  to -the  cable. 

A  500.0-lb  capacity,  dot-ble-element  ldad  ceil  v/as  used  to  measure  the 
drag  load  of  the  decelerators  to  withir<±7  lb  for  the  range  of  drag  loads 
measuredduring  these  tests,  A  direct  writing  oscillograph  was  used  to 
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monitor  the  decelerator  drag*  lo^  during  testing.  Five  pjotibn-picture 
cameras  and.  two  television  cameras,  installed  in  the  test  section  walls, 

.  were  used  to  document  and.  moMforfhe  tes'jfcs.  % 

:  -v  ■  v  --  ,w  -  ' 

(3)  J  Procedure  -  .  -  _  »  1  ^ - 

A  parachute  was  packed  in  the  aft  end  cf  the  strut-mounted  cenfcerbody  be- 
forelhe  wind-tunnel  test  operation  was  initiated/  Cnee  test  conditions 
were  established,  the  decelerator  was  ejected  from  the  ceiiterbody  into 
the  airstream.  Motion  pictures,  drag  data,  and  dynamic  pressure  data 
were  obtained  during  add  after  .each  deployment,  When^tl.e  decelerator 
deployment  sequence  -was  completed^  a  steady- state  drag  load  was  calcu¬ 
lated  by  averaging  the  analog  output  signal  from  the  strain-gage  load  cell 
over  a  one- second  interval,  '  “  '  V  ' 

•  '  '■>  V  *  "  -C  -  '  *  -V  '  C.  «  "  1  _  _  ' 

'  The  parachutes  were  deployed  at  a  nominal. Mach,  number  and  free- stream 
dynamic  pressure  of  2.S  . and  120, psf>  respectively.  After  deployment, 
ardditional  data  were  obtained  at  Mach  numbers  of  2.  9  and  3, 0,.  The  cehr 
fcerbody  was  maintained  at  zero'  angle  of  attack  and  yaw  for  the  entire  test, 
*  Table  XIV  summarizes  the  test  conditions  (Reference  23):. 

**  .  ~  n  ,  !  •  ”  . 

(4)  Results  -  .  =  v  5  . 


Deployment  and  inflation  data  were  obtained  from  the  PARASON1C  parar 
chute  but  not  from  the  HYPERFLO,  which  failed  tq  separate  completely 
from  the  deployment  bag.  A  strap  from  the  HYPERFLO  deployment  bag 
;ehcircled?the  riser  lines  durjpg  d6ployment,.  thus  causing  the  parachute 
tobecotne  partially  reefed.  Steady-state  data  were  obtained  for  both  de- 
celeratdrs  at  Mach  2. 8  and  120-psf  free-stpeam:  dynamic  pressure.  Ad¬ 
ditional  data  were  obtained  at  Mach  2.  9  and  3.  0,  Table  XIV  summarizes 

the  test  results;  “ 

-  & 

The  PANASONIC  deployment  littieihisjtory  is  shp\va.  in  Figure  23A.  The 
snatch  and  opening  shock  forces  of  this  configuration  were  930  and  650  lb, 
respectively,  ,  ^  , 

The  drag  coefficients  for  the  parachute  Configurations  are  given  in  Table 
XIV-  The  effect  of  Mach  number  on  parachute  drag  coefficient  is  shown 
in  Figure  23B-  In  the  test  range-,,  the  FARASONIC  drag  coefficient  showed 
little  decrease  with  increasing  Mach  number,  as  compared  with  the  de¬ 
crease  in  the  HYPERFLO  drag  coefficient.  The  drag  coefficient  of  the 
HYPERFLO  was  from  45  to  50  percent  higher  than  the  PARASQNJC, 

Photographic  coverage  obtained  by  motion? picture  cameras  permitted  the 
-determination  of  decelerator  inflation  and  stability  characteristics.  The 
PARASONIC  parachute  attained’ full- canopy  ihflation.apprdximately  0.  015 
sec  after  full-line  extension.  The  fully-iriflated  canopy  exhibited  ah  oscil¬ 
lation  of  approximately  ±7.  0,  ±4, ‘5,  and  ±8,  0  deg  at  Mach  2.  8,  2,  9,  and 
3.  0,  respectively.  This  oscillation  was  in  a  plane  that  is  perpendicular 
to  the  center|ine  of  the  centerbqdy.  The  frequency  of  oscillation  was 
greatest  at  Mach  3,  O',  The  HYPERFLO  parachute,  once  inf lated;  ex¬ 
hibited  a  IV .0  -degoscillatiori  at  Mach  2.  8/ 
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Figure  23  -  KYPERFLO  and  PARASONIC  Wind-Tunnel  test  Results 


PA  R^Tlnwfr  parachute  |iad  a  higher  drag  coefficient  than  the 

-pAftASOIfie,.  the  Mte?  was  selectedjfor  flight  -tests  because -of Jts,  super¬ 
ior  stability.  .  ~  5  ‘  v  ,  -  ^ 


£*,  -  Free -Flight  Tests. 


SP-3  Parachute 


the  SP-3  PARASONIC  parachute  was  the  first  to  be  flight-tested..  To  ob¬ 
tain  temperature-time  records  of  the  SP-3  canopy  during  flight,  thermo¬ 
couples  were  located  in  the  positions  shown  in  Figure  24..  All  the  flight- 
tested  small  parachutes  were  equipped  in  this  manner. 


The  test  vehicle  {C)  was  laimchediby  an  Honest  John-Nike  (HJ-N)  booster 
combination.  At  32  sec  after  launch,  the  three  radars  lost', the  vehicle  in. 
flight  and  could  not  pick  it  up  again.  A  good  signal  from  the  telemetry 
vyas  received  throughout  the  flight  until  impact.  One  photqtheodolite 
tracked  the  vehicle  for  160  sec  and  another  for  about  90  sec.  Both,  first! 
and  second  stage  booster  separations  were  normal.  Without  radar'  track- 
ing,  the  vehicle  impact  point  could  not  he  established.  .Neither  the  search 

aircraft  nor  the  recovery  boat  located  :the  vehicle.  '  ~ 


Azimuth  headings  were  obtainedfrorn  Sites  B4A,  Dr 3,  and.  A- IT.  A  sec- 
ond.air  ’•aft  and  the  recovery  bodt  made  another  search  at  14.  30,  but  the 
vehicle  .was  not  located.  -  -  • 
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Figure  24  *>  L,o° catioh-of  /Thermo couple s  for  S?-3>  SP-4,  add  SF-5 

6  V*  - ...  '  "  '  -- 

Table  2pT  shows  the  SP-3  pfedictsd.-and  th&  teieirtetiy-recor'cied  actual 
event  times,  as  well  as  the  range  fimes;  As  indicated^  the  actual  284. 1- 
sec  total  flight  time  was  shorter  than  the  417,  0-sec  predicted  time  All 
evepts  functioned:  as  programmed,  the  shorter  flight  time  was  due  mosth 
rtp~tuQ- '^*brt:T-eco^re'r.jr:pJsracittlt$'''p.erio3o  ‘  ‘ 

"  •  -  ■>  t  ,  -  ;  ,;o  J  : 

The  static  prp Sure  reading  at  deployment  indicated  an  altitude  of  approxi- 
mately  78,  8Q0  ft  at  34, 7  sec;  The  radar  plots  at  32  sec  (where  radar  lost 
the  vehicle)-  indicated  that  the  altitude  was  approximately  74,  000  ft. 

The  shock  and  dr channels  dropped  to  zero  load  values  0. 175  sec  after 
,®  test  itent  container  ejection  was  initiated.  Off-scale  peak  load  values 
occiwve&y  indilcating  Broken  stain=gage/cir  cuits, 

^1°As  ve^icle  and,  hence,  the  SP-3  test  item  and  the  test  film, 

finrited  conclusions  on  f light  performance*  However,  the  accelerometer 
data  gave^an  indication. of  the  forces.  Readings  obtained  from  the  thermo¬ 
couples  showed  the  temperature  rise  to  be  negligible  as  predicted.  First 
order  interpretation^  t%  tracking  data,  which  considered  the  accelera- 
tlpno/f#rf dynamic  pressure  (q)  change,  and  a  constant  drag 
area  (G^A);  indicated  a  parachute  drag  coefficient  (CD  )  of  0, 22  to  0.25. 

o 

Figure  25  shows  a  plot  of  usable  SP-3  data  from  available  telemetry  over 
the  opening  interval.  Load  values  were  calculated  from  recorded  acceler¬ 
ometer  data.  ■  - 
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TABLE  XV  -  SP-3  EVENT  TIMES 


Launch  ■  ^  - 

First  stage  burnout 
Second  stage-ignition 
Second  stage  "burnout 
Second  stage  separation 
Telemetry , pretest  calibration 
Despinodn  r  '5  '  * 

Despin  off 

<  Is  *  : & 

Solenoids  open 
Test  item  deploy 
Post-test-  calibrate 
Post-test  calibrate  eff 
Solenoids  closed 


Recovery  parachute  ejection 
Nose  separation 
End  of -transmission 


Time  after  - 
launch  (sec) 


Predicted  1  Actual 


27-  6 


33.4 
"  34.4 
.  64.  4 
67-  4 
75-3 
270,0 
270,5, 
271-5 
417-0 


19.60 
22-20 
27-  70 


29-40 
33-  70 
34*70 
64-  40 
68.  00 


256-  70 

257-  10 


Range  time 
(hr:min:sec) 


16:56:59.  60 
16:57:04. 33 
16:57:16-00 
16:57:19,20 
16:57:21-80 
16:57:27-  30 


27-70  16:57:27.30 


16:57:29-00 
16:57:33-  30 
16:57:34.  30 
16:58:04.00 
16:58:07.60 


76^40  16:58:16-00 


17:01:16-30 

17:01:16-70 


258-00  17:01: 17,60 


284-10 


17:01:43.70 


(2):  SP-4  Parachute 

For  the  SP-4  flight  test,,  Test  Vehicle  G  was  launched  by  an  Honest  John- 
NikeTNike  (HJ-N-N)  booster  combination-  At  liftoff/the  first  and  .second 
stages  both  ignited.  The  second  stage  quickly  separated  from  the  first 
stage-  .The  vehicle  was  then  boosted  at  the  proper  time  by  the  third  stage 
Nike  and  reached  a  test  point  of  Mach  1-  60  and  a  328-psf  dynamic  pres- 


Except  for  a  premature  ignifion  of  the  second  stage,  all  flight  events  oc 
curred  as  planned.  As  a  result  of  the  premature  firing,  the  test  deceler- 
atpr  was  deployed  At  a  time  of  higher  dynamic  pressure  and, a  iower  Mach 
number  than  planned.  The  ■'dynamic  pressure  basedon  the  phototheodolite 
data  was  328  psf  versus  the  2174  psf  planned.  The  Mach  number  was  1. 6 
versus  the  4  planned,  The  SP-4  test  parachute  remained  attached  to  the 
vehicle  from  the  time  of  deployment,  T  +  32-77  sec,  to  T  +  2i?„  58  sec, 
at  which  time  the  parachute  was  released  and  recovery  was  initiated. 

The  telemetry  yielded  useful  data.  The  70-ks  (shock)  and  the  40-kc  (drag) 
channels  showed  good  agreement.  Peak  shock  loads  were  in  excess  of 


ALTtVuDE.(VHb'ufe/VN6s(Op  FEET) 


DYNAMIC  PttesUtte  (POUNDS  PER  SQUARE  FOOT) 
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200QT&  on  the  strain' liafc."'  The  30-kc ^acceleration)  :chfmnel  monitored 
booster-thrusting  and  gave  a  satisfactory  Indication  of  initial  deceleration 
by  the  -test  parachute*  - 

-  ‘  9'a  -  .  -  *  .  * 

One  6f>ihe  five  thermo  couples  ohitlie  test  parachute  shewed  at  bpencir- 

:  cult  during  the  -vertical  operational  r?hg-e  -check.  One  thermocouple  failed 
during  -test  parachute  deployment,  Tae  other  three  thermocouples  con¬ 
tinued  to  ppefate  during  flight  until  the  test  parachute  -was  released. 

The  maximum  temperature  measured  by  the  thermocouples  was  103  F 
from1  the  time  of  parachute  deployment  .onward.  The  22-kc  channel  r  e¬ 
corded  event  markers  and  current  puls es  throughout  the  flight. . 

■>  •  .  . 

As  indicatedhy  Table  XV J,  there  was  an  excellent  agreement  between  the 
SP's-i  pr  edicted  pud  actual  event  times.  Recovery  events  initiated  by  ba¬ 
rometer  switches  -were  earlier  than  estimated  for  normal  staging. 

>  .TABLE  XVI  *  tea  EVENT  TIMES 


haunch 

First  stage  burnout  - 
Second  Stage  ignition 
Second  stage  burnout 
Third  stage  ignition 
Third  stage  burnout  *'•'  '  ' 

Third-  stage  separation 
Telemetry  pretest  calibrate 
Despin  on  \  .  ^  « 

Despin  «ff 
Solenoids  open 
Test  iteimdeploy 
Fostrtesf  telemetry  calibrate 
Post-test  telemetry  calibrate 
Solenoids  closed 
Separation  but  fir  ed 
Recovery -parachute  ejected 
Tfbse  probe  separation 
Recovery  parachute  inflated 
End  of  transmission 


0. 

0 

4. 

d 

| 

16. 

p 

19. 

2‘ 

22^ 

25. 

1 

25. 

,0 

32. 

■ 

217.58 


218.  97 
25 
259. 78 


Range  time 
(hr:min:sec) 


12i30i00j.il 


12i30i00.ll 
12i30i03.>61 
J2i30il6.  0.8 
12a0ll9..45 
12i30i22.7i 
32i30.*24.46 
12i30i24.46 
12i30i25.23 
12i30i32.  01 
12:3  0;32.  88 


12:31:10.  00 
12:33:37.  69 
12:33:3,8. 21 
12:33:39.  08 
12134:30.-91 
12:34:19..  89 
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The  test  vehicle  was  f ebovered'fiSating.in  g bod'  condition.  33bfhcapaeiras  - 
a  highspeed,  800-fra-me  persecondamit  an&a4O0i-fraineper  second 
:anit  -  monitored  She  lest  iparachuteibeEavior-  A  search  was  conducted  Tor 
theSF-Ate si  parachute,  winch-fell  with  The  released  ensibmeter  beam.  • 
The  t  ensiometer  ’beam  bad  a.  pinger  altadhedf  or  amderwater  location.  The 
pinger  was-  beard  jusing  the  baiid-ielSj  -onboard  listening  device,  The  par, a- 
chute  was- discovered  3,/4  mi^.oifshor  e  in  3Stft  <cf  ^afeer,,  hut it  -.could  not  he 
retrieved,  A.  second  search  v£as  -conducted',  again  without  success-  33y 
this  time,  the  pinger  battery  power  had  -expired;  Underwater  .currents 
had  pr  obably  moved  The  paraphtife  tfo  an  nhkbown  position.  - 

-Figure  26  shews  the  phototheodolite  ahdTelemefcry  data jef  SP-4  perforin- 


43}  SP-5  Parachute  '» ‘  -  V, 

-  .  .  ~  ■  ■  ■  -  - 

For  the  SP-5  .flight  test,  .Test  Vehicle  C  was  launched  by  an  Honest  John- 
Hihe-iLance43H-N:-'D}  booster' combinatioh.  Liftoff  was  'very  -stable..  The 
secondahd  fhird  stages  fired  pre  cisely  as  programmed.  The  test  point 
attained  was  approximately  Mach  Si  5  at  222,  ®00rft  altitude,  very  close 
to  the  preedeted  test  poipt  pf  Mach  S-S  9  a:t  121, >;.DDp-ft. 

5  .  '  „  1  4:  ^ 

Tfie-radax'beacc^Q'irack  was  f eported-offidire  ction  at  33  sec  after  launch 
bySites  A-21)  and  D-3-  Skin  track  at  Site  A-20  contlnuedimtilabont  300 
sec  after  launch,  when  Thetrack  whs  lost.  At  this  time,  the  yehicle  was 
.descending,  md  the  .altitude  was  486j!0Pp.Tt. 

The  test  vehicle  was  not  recovered,  impact  was  175  mi  -.down  range  in 
water  deeper  than  500  ft.  The  aircraft  and  recovery  boat  searched  The 
projected  impitet  .area  Tor  3  hr. after  launchi  The  air  crafty  -directed  from 
.  A-2D  radar^.  searched  a- region a^rbahnately  20  mi  squarei 

» The  SP-r5  deployment,  shock  and  drag  lo£ds  were- recorded  by  telemetry. 
Parachute  thermocouples  proxdded  continuous  readings  on  the  telemetry 
-  record  during  t he  total  period.  During  re-entry  the  thermocouple  tem¬ 
perature  values-  areached;824  3Ta  which  was  band-limited  Tor  the  telemetry. 

As  indicated  by  Table  XVH,  there  was  generally  good  agreement  between 
ithe  SH-5  actual  .event' times  and  the  predicted  times.;. 

Significant  performance  data  were  -obtained  for  the  rpward  Trajectory  test 
point  and  the. bonus  re-entry  condition.  The  SP-5  test  paxachuiedid'nqt 
survive  the  total  high  thermal  and  loading-  environment  -of  The  re-entry 
trajectory;  however,  the  parachute  -did build  tup  significant  drag  during 
re-entry,  showing-that  SP-5  had  a  long Term  capability  to  withstand  a 
high-temperature  environment.  .. 

Figure  27  shows  The  SP-5  plots  .of  phototheodolite  and  telem etry  data  at 
ana  immediately  following  deployment  .and  during  the  re-entry  phase.  Al¬ 
though  films  of  SP-5  were  not  recovered,  the  parachute-voperatibnwas 
considered  normal.  This  view  was.hased  on  the  load  traces,,  which  were 
very  similar  in-shape  to  those  recorded  for  the  same  size  and  type  cano¬ 
pies  during  wind-tunnel  testing  to  Mach  3  . 
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TABES  XVII  -  SP-5  EVENT  TIMES 


Time  after 
launch-{see; 


Predicted 


Launch  j  0.0  - 

First  stageljurmut  "  !  £.8 

Second  stage  Ignition  g.7 

Second  stage  burnout  12.9  . 

Third  Stage  ignjtion  <  26,3 

Third  stage  burnout  -  ;  32.3 

Third  stage  separation  33-  4  1 

Telemetry  pretest  calibrate  37- 1 

Eespin  on  27,  j 

fiespih  off  .  -  I  :■  ,  . 

Solenoids  open*  Camera  I  and  2  on  1  41.  C  I 


37-1 
37.  1 


Test  item  deploy  (canistesr  ejected) 
Post-test  telemetry  calibrate 

-  '-T  ’  *-  >-.=  2-  ^  -5- 

Recovery  sequence  Initiated  r 

Barometric,  switches  closed'  .  v 

Separation  nut  fired 

Recovery  parachute  ejected 

Nose  probe  separation  ~  ;  f 

Recovery  parachute  inflated 

End  d  transmission  -  'J  l 

*  ^  ^  -  '  •  -  "  - 

Initiated  only;  separated  at  4l>  27; 

i,  ooQ-ft  -  '  x  :  - ' 


42.0 

74.6 

90.0 


only;  po^separatioh 


.  'C*  > 


Wg 

{hzrmimsac) 


0.00  12:57:03-51 

4*59  12:57:08.10 

9.7  V  12:57:13.30 


13.09 
24.69 
30.45 
;  31.54* 
-36.03 
:  35.63 
3^91 
49.37 
41.27 


i 


nn  rn 

oo.ov 


403.74 
403. 94 
404*49 
405. 42^ 


12:57-16.60 
12?$?:2g.20 
12:57^33.96 
12:57:35. 05 
12:57:39.54 
12:57:39-34 
12:57:49. 42 
12:57:43.88 
12:57:44. 78 

c  r  •> 

12:55:52.31 
13:03:47. 25 
13:05:47.45 
13:03:46. 00 
13:0 3:48.83 


j  424.49  j  13:04:08.06 
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AERODYNAMIC  ANALYSIS 


General 


As  explained  earlier  in  this  seeded,  fee  small  para  chafe  ccmfigaration 
usedibr  fee  Phase  IE  flight  tests  vas  fee  same  as  fee  PA RASONIG  con- 
rsg*sra55ffh^?^S,  SP-4,  and  SP-5)  developed  and  preliminarily  tested  in 
Phase  I  (Sefer.dc;  1).  Reviewed  in.  this  analysis  axe  fee  shapes-  feat  fee 
PARASOhGC  taiBffgBfagea'jhKrf  £ave  for  stability,  fee  pressure  distribn- 
txes  analysis.  fee  drag  andiillipg  time  evaluation,  a>d  fee  measurement 
cx  oorositv.  -  - 


Aeradmami d. Swahili  £y  ;  ■ j ,  ..  - 

_  ‘  .  p  V- 

ice  PfeaserlS  extorts  demonstrated  fea2  the  PARASONI?  .  y>ca chute  shapes 


sonic  cordlKorj.  The  exper im ental  -evidence  that  relate?:  tothe  adequacy 
•of  fee  small. parasfenie  stability  characteristics  -is  fee  load  trace  and  film 
datacSt  the  flight  tests.  The  SP-5  load  trace  shows  force  Stscfeataons  on 
fee  ord?r  of  53:  percent  from  the  mean  i’Alde-  after  fee  chute  has  -inflated; 
this  corresponds  to  earlier  wicd-fenhel  data  involving  a  fnlly-irilated. 
stable  shape- for  similar  parfeSntes  at  Mach  2.  6  and  3-0.  pilcas  of  SP-4 
shuwn-am  inflated  shape  similar'  tcr-feat-oBserved  -dartpg  wsnd-tunnei  tests. 
Measured  lateral  stability  was  ^3  degalMnch  1 . 4,  V%us,  it  appears-feal 
fee  feeory  has- yielded  area  rehstipnfeips  feat  allow  satisfactory  inflation 
stasilftybased  bp  fee  lead  -traces  fed  limited  camera -coverage, 

-Pres sere  Distributions  ?  -  1  A  -  -  I  >  .  - 

Methods  established  is"  Phase  I  wefe  feed;to  calculate  fee  values  of  fee 
pressures  -acting,  cm  -fee-  canopy,-  These  methods  are  based  onfree-stream 
conditions-  /  The  type  cf  pressure  coefficient  distribution  predicted  is.  . 
-fefefefs  Figure  Ta'CSeferences  24L  15,  fed  26)-  ?.lach  number  Mj  is  from 
predicted  trajectory  conditions;  .££»  is  freniflov  fo!)ofe}|  a  shock 

'{normal  shofej;  and M§  5js  from  isestrojdc  relationships  tb  scnic  velocity 
for  an  area  ratio  of  7  to  1 „  rbsodCSvely.  The  internal  pressure  coeffi- 
ci^'Ss  are  felated  to  fee  inside,  canopy  surface  and  consider  the  total 
pressure  after  fee  bow  shock  and  theTqdal  velocities.  The  external  base 


ihe  v2lces  versus  Mscbnurnber  are  presented  an  figures  29A  ard  29  B. 
The  value  q*  fee  skirt  pressure  coefficient  is,  c^ffelated  using: 

•'  —  ’  V  .--  C.X, 


Where: 


$  - 1 


Mj  =  Mach  number,  free-sirearn  conditions 
j  ahead  of  vehicle  -  _  -  . 
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r  .  z> 

a  =  cambef 


sfc  o 

T' 


£  ^ 
SV.' 


*5- 
<  ^ 


-V 

:j  ■ 


lx  =  chord 

-  'o  '■ 


.  .  "  '  :  a/b  -=  0<175  basedchgecmetry  - 

-  -  *  a  -  conical  angle  of  attack  =  5  deg  =  0. 0874  Tad 

“  '  _  *  -  -  -  ”  *" 

The  negative  value  of  the  external  base,  pressure:  coefficient  is  limited-by 
the  local  static  pressure  being  aero  absolute  inrthe  equation: 


P  -  P 


CP  = 


1 


6.  t$a£,p1 

*  V 


-«-0;7M,P4 

:  I  1 


■L.43 


M1 


■z 


H6) 


Where  Pj  =  ambient' static  pressure.  These  values  are  presented  for 
reference  in  Figure  29,  along  wiih0.65  and  0.  30  of  the  maximum  nega¬ 
tive  valtie.  The  0. 65  values  (Cp  =  -0\  98/Mj?)  correspond  closely  with 
the  v>  uiaVtunnei  data  obtained  aver  the  base  or  solid.  BALI.UTE  models 
where  the  porosity  is  aero  {Reference  1,  p  144).  _  Because  increased  po¬ 
rosity  should  increase.-  the  values  o£.  the  aoplute  pressures  at  the  base, 
the  values  corresjkxndiiig  to  a  solid  base  (0...65  of  the  maximum  negative 
pressure  coefficient)  should. be  a  realistic  negative  limit. 

'  J  ,  %  '■>  J  -  •  '  '  •;  V  •  ’  '  ’ 

To  estimate' the  effects  of  area-to-area. at  sonic  condition  ratio  (A/A-^ha. 
the  base  presstfire  y^uest"  tfiejpres.sur.e  ratio,  values  available  and  the 
yalaesre'i|ii!fea'te,  fflTlhe  mesfiTfroni  the  throat  to  the  surface  at  earnest 
be  determined.  The  total-mesh-to-inlet  ^rea  ratios  vary  between  0. 88 
and  1.24  depending  on  the  .type  and  construction  of  the  parachute.  With 
aft  A/A.*'  s  7,  ejcpansidn;  ratios ;  i|i  ihe-,me£h  are  possible  from  6, 15  to 
8. 7.  The  corresponding  pressure  ratios  required  to  follow  the  expan¬ 
sion  ratios  are  67  to  1  11  times  base  pressure.  The  ratio  of  the  total 
pressure  after  the  shock  to  the  ambient  pressure  varies  from  8.5  to  40 
as  the  Mach  number  increases  froth  2.5  to  5.  6  (Reference  26)*  The 
greatest  pressure  ratios?  are  available  by  using  the  solid  base  pressure 
corresponding  to  the  0.  65  of  the  maximum  negative  Gp»  which  is  equiva¬ 
lent  to  0.  35pf  ambient  pressure.  The.prassure  ratios  vary  from  24  to 
1 14.  Thus,  comparing  these  values  with  j>7  to  -ill  times  the  base  presr 
sure  based  dn, geometry,  it  appears  that  am  overr expanded  nozzle  is  pro- 
videdrfor  the;  low  Mach  number;  and  depending  pn  the  parachute  configu¬ 
ration,  the  correct  expansion  ratio  to  a.- slightly  under-expanded  nozzle 
i s .provided  for  the  highest  'Ma  chroimb  er .  .  X  -  -  .  ; 

i  -s  -  ^  *-  ' 

With  ah  over -expanded  nozzle,  the  flew,  will  separate  and  have  ah  exdt 
static  pressure  approaching  base  pressure.  Thefnaxirhum  pressure  ratio 
available  (Mach  5.  6)  applied  to  minimum  area  ratio; pressure  fatio  re- 
quirements  (i.  e. ,  114/67)  will  result  in  a  jet  static  pressure  of  approxi¬ 
mately  twice  Pjj  for  a  solidpr  D.  70  of  ambient  pressure.  At  low  Mach 
numbers,  the  jet  area  will  be  small  compared  to  the  total  base  area 


no 


h:  - 


y-  - 


„  o 
.  Co 


j:.?o 
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because  of  separation;  at  trie  maximum.  Macdi  number,  the  jet  area  will 
approach  the  total  rcesharea.  At  low  Madh  -numbers  the  average  base 
pressur  e  should  approatS  'the  nonporous;  vaaii^s  because  ef  the  small  jet 
"areas,  and  they  should  approach  twice  the  solid  basp  pressure  or  0*  7 
aihbientat^lach-S.S-  ...  -  t>';'  ~  :  * 

^  ^  :  -  y  -  '  *  \  '  ’  t  -  “  ’ ' 

Thus,  a  curve  is  suggested  that  favor  sG.  65  of  the  maximum  negative  pres¬ 
sure  coefficient  at  Mach  2;  5  aud  it.  35  of  tea  maximum  negative  pressure 
coefficient  at  Mach  5- 6.  These  values  were  compared  with,  extrapolated 
data  to  Mach  3  6  (reported  in  Reference  25}  Tor  boosters  with  varying 
(jet-booster)  diameter  ratios  and'  (jet/ eminent)  pressure  ratios.  While 
these  data  are  not  directly  comparable  ^dth  the  parapbate  roof  mesh  case, 
the  predicted  values  are  comparable  to  the  suggested;  design  value  in  Fig- 
ure  29-  -  ;  -j  , 


d.-  Drag. aadsFilling  Times  J 

The  pressure  distribution  analysis  served  as  a  basis  for  calculating  loads. 
Figure  30  shows  the  reported  and  predicted  nominal  surface  drag  coeffi- 
cients  versus  Mach  number  (References  20,  21,  27,  and  28}.  Tar 

bie  Xyni  stunmarizes  tiio  pressurecoefficieriis  around  the  canopy  based 
on  deployment  conditions,  as  well  as  the  dragcoefticients  based  on  wind- 
tunned  data-  The  conditions  cf  the  bottom  row  of  Table  XVHI  resemble 
closely  the  conditions  of  the  SP-5ies£.  From  these  values^  the  parachute 
force  was  calculated  to  be  428  lb.  The  corresponding:  average  force  indi¬ 
cation  front  performance  of  the  SP-5  jtest  was  about  300  ib.  Filling  times 
were  slow,  based  on  the  force  data  as  compared  to  windr tunnel  data  of 
similar  parachutes  at  Match  2. 8  ^Reference  23} .  The  force  trace  .shews 
that  :SF-5  r^uir ed;0.v63-‘sep_  from  line  stretch  lofiji  completely,  as  opr 
posed  to  0.815  sac  for  the  PARASQNIC  discussed,  ia  Reference  23. 

The  measured  drag  coefficients,  based  on  nominal  surface  area,  were: 

•X.  SP-5,  0*  306  at  Macn  2,hS;  7.  , 

2.  For  SB-4,  0.377  at  Mach  1*42- 

3,  "  For  SP-5,  IL  145  at  Mach  5.23 


These  compare  vtithtiie  predicted  nominal  surface  drag  coefficients  that 
were  based  on  full- scale  winsjhtunnel  tests  of  0.242  at  Mach  2.  68;  0.32 
at  Mach  1.42;  and  0.17  at  Mach  5. 23  (Figure  30).  The  test  values  are 
considerably  less  than  dr  Jig  values  based  on  predicted  pressure  distribu¬ 
tions  over  the  canopy  (seb  Table  XVIII},  winch,  dp  not  consider  the  loss  in 
total  pressure  due  to  the  wake  of  "a  for ebody. 

eji-  Boros ityMeasuy emerit  '  . 

The  aeroSynaniic  theory  discussed  thus  far,,  depends  heavily  on  the  value 
of  roof  porosity;  T<r  establish  this  theory  more  firmly*  a  method  .was 
tsed  for  determining  the  parachute  porosity  by  airflow  tests.  This  method 
detailed  below,  .and  the  test  setup  shown  SnFigure  3L; 


0.30 


Figure  30  -  ■ftepqrted  arid  P'rodidted  Drag  Opefftcicnts  verauS  Mach  Number 
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The  small:  parachute  canopy  was  _  ? 

mounted  on  the  outlet  ofadiverg-  - 
ing  duct-  Plow  Into  the  duct  was  - 
produced- by  a  two-horsepower 
Blower.  A  screeheveneti  the  flow 
across  fbe  duct. throaty  and  ah 
anerrxotherrr.  v/as  used  to  measure 
the  mean  flew  though  the  duct. 

Ins  erf  ed through.  the  r  oof  mesh  and 
into  the  canopy  interior  was  a  total 
pressure  probe  that  was  connected 
to  an  inclined  tube  manometer. 

The  quantity  ofairflow:  was  calcu¬ 
lated  from  the  duct  throat  area  and 
the- duct  throat  velocity,  Thfe\t>afar 
chute  inlet  area  was  determined  by 
measurement.  The  pressure  (Pj 
drop  across  the. mesh  (total  pres¬ 
sure  inside  less  total  pressure 
ambient}  was  uj>ed*to  determine  the 
mesh  orifice  velocity  (V)  hy  means 
of  the  relationship  AP  =  1/2>V? 

{where a  =  density),*  From  the - 
knov/n  flow  quantity  and  velocity  Figure  32  -  Air-Flow  Test  Setup 

throagh  the  orifices,  the  ^rea.  Of  .  t  :  - 

the f  orifices  was  calculated-. „  Append  ;  =  v 

dix  IVdevelopsthearea  relationship  made  front  two  sets  of  measure¬ 
ments.  These  xesiilfs  agree  within  L  5  percent.  They  show  an  inlet 

aretj-to-exit.  area  raticfof  7.  .7  to,7.  8  for  SP-5.  - 

'  ‘  -  _  ■' 

SMALL,  PARACHUTE  <GEG^i;,tRY>  ;  - . 

The  inlet-area-io-exit. area  variations  between  the  SP- 3,  5P-4,  and  SP-5 
PARASONIG"  small  parachutes  were  limited  to  manufacturing  tolerances. 
The  resultant  geometric  differences  in  porosity  were  small.  This  v/as 
determined  by  calibration '-tests  that  were  performed  to  establish  the  ratio 
of  inlet  area  to  exit  area  based  on,  thefiow  at. a  pressure  of  one-half  inch 
of  water.  A  typical  coated;mcsb  roof  is  shown  in  Figure  32. 

'  ^  ,  v  5  r  .  }  ;  C- 

STRUCTURAL  LOADS  ANT#  MATERIAL  SELECTION 

Using  the  canopy  aerodynamic  theory  presented  in  Item  3  of  this  secrion> 
the  structural  loads  were  calculated  by  considering  that  the  isotehsoid 
shape  of  the  canopy  allow?  the  radial  line  loads  and  canopy  stresses  to 
be-usnform  tliroughout  ihe  structure. 

The  method- of  optimizing  and  analyzing  parachutes  for  static  loading  is 
detailed  m  References  1,  .29*  30,  and  31,  In  addition,  a  procedure  for 
determining  the  gore  pattern  for  the  small  parachute  design  of  Phase  1 
is  given-in  References  1  and  29.  The  basic  method  of  construction 
{biasedgores  of  a  single-plyfabric  and  a  set  of  equally  spaced  meridian 
cords)  was  retained  from  Phase  I  of  ADDPEP.  ThuSi  the  static  load 
analysis  and  the  gore  pattern  determination  procedure  Apply  to  the  drag 
-  devices  of  Phase  IlL  -  - 
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'?  5.  j>  .  v 


In  Eqiiatlriiis'L?  and  Iff:  3 

.  ,.  »■__  .  '  ’  ,  ..o’o  ;  »  ..  '.  '"• 

-  «ae  'shape  -coordinate  Ana.ira.ai^j  -oI'  parallel mrjcle 

■5  ‘IV  ■-/"  V-  •'  ~~  ^7  1  .  «./- A  •;’  V'  ■'  -  -'  ?•  *  -;s 

r  ,  Ip  =‘vcbdf3xnate;ai^ie!-defining;paraliel^  cg-cfe  ,c 

.  ■■'»,'■** ;  y  4$?'  ~  7~Z‘?:<~  •  .  _  •  -’■ 

■  V  -'-o'*  c  <&'  ■»  ..-  »  -  -"S^ 

-  .r- <ii  ^.Sirmber  iof  .^neriSlarisJ^r^Js;,  -.  .  ’  '  V 


^  y'V 
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-  -  '  *  -  **  O  V  «% 

-V\  '__'>_  .  ^  ^  V  ; 

X'  -  ^  ibr^e  in  xneriiian  strap  ^ 

**  +  *0  O'- 

&'  '<  , ,  .... 

N y  =  meri diahifabri c  stress-' 

Oo  50  -  t  ®  ~ 


;  •  *  &  ' 


?■> 
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m*  * 


stress 


; J  :*y  fs  <shape  Coordinate  defining  parallel  •cii'.cie . 

r  ’  =' 3^.ains;S£&[6rfi5ldBe'  -  ■<>  -  ’"'  '» 

:  /.-Ag;  -  •  f  ;'  -  T'%  -'s  V?  -. 

:_  _-  ’>'■  '  '  '.tT  C  -  x  .  • 

Th e  quantities  x  and  ^  werb  cal culateS’f r bm  the  profile  of  the  parachute* 
Sincethe  parachute  lobes  PutwardLelween  meriaian  straps,  the  radius 
of  the  gore  lobe  ;{rj)  is  used  rather  fjaan  the  principal  curvature,  radius 
j{if  tlie  parachute  were"  considered-A  perfect  surface  bf  revolution)-  The 
f.0  radius  was  Calculated' as>6- Ain.  using  fhs  methods  presented  in  Appen¬ 
dix  in  of  References  1-  'The  amount  p£  additional  cloth  used;f or  the  lobe 
pap-iie  determined  -hy  Comparing  tlie "dimension -of  a  gore  to  the  dimen- 
siohpf pefiecf^ surfaced!  revolution. 

are- 
small 


e  racking^ 

parachute  Configuration,  this  is  a  reasonable  assumption; 

"The  pressures  were  ccunputed'-fEdm-fhe-follosyiug  pressure  -coefficients: 


-  •  2 

i- 80 

(19) 

:CP  * 

0.-94  . 

-  ■ 

« 

(20) 

e 

;cp  = 

-  b " 

-0-011 

*■  * 

'(21) 

-Cp  - 

0-021 

(22) 

‘2  c 

As  the  pressures  differ  betweeivthe  inside  and  the  outside;  the  pressures 
can-ibe  obtainedfrom  the  value  of  q  and  the  appropriate  pressure  coeffi- 
-cient,  "Using  a  porosity  of  11-  6  percent  for  the  roof  material: 


Internal  pressure -on  f  oof  —  -  0,  lib)  i- >0-  94  q(0- 116) 


=  1- 70  q  above  ambient 


(23) 
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This  predicted  drag  value,  based  da  free  stream,  cppditiohs  forward  of  the 
parachute,  results  in  a  nominal  drag  coefficient  o£  Q.  585,  as  compared  to 
0. 17  estimated-from  wind-tunnel  data  using  small  parachute  models  be¬ 
hind  a  forebody  (Figure  30).  T/ith  a  suspension  line  angle  cf  13  deg,  the 
load  on-one  suspension  line  is:  _-j  -  ' 

127- lb  *  (28) 

The  lead  QU  fee  inlet  loop  is  calculated  from  the  equilibrium  equation,, 
.where  the  ^suspen^bnime  attaches  to  fee  inlet  loot).  The  force  in  fee  in¬ 
let  Jb  bp  isr  ‘  , 

-r~-  “  ~  •  ‘  -  ’  d 

P  =  144  sin  VI  deg  <-  127  sin  13  deg  =  45. 6  lb  *  (29) 


3I-DZG  ANGLE  or  SS!RT  AT  ISLET 


.  c  SUSPE^IQj;  LINE 


7  i 


TKERMQDXNAl'^IC  ANALYSIS  ,  : 

Gdnefal  ;  .  -:  -  - 

This  the  nondynamic  analysis  concerns  a  PARASONIC  small  parachute  le 
celepator  trailing,  in  the  w^e  o£.^  leading  body  m  a  supersonic  stream 
along.  a,traiectpryvpath,.  .  $he  analysis  is  largely  dependent  on  the  capar 
bilityotp-  define  the  flow  proper  ties,  existing  immediately  in  front  of  the  de- 
•cfelehdtori  V  '  '  ■= 

A  schematic  of  th.e  phobahle.flbw-£ifiid  around the  two  vehicles  (shown  in 
Figure  34)  was.  composed  on  the  basis  of  experimental  wihdT.tunnel 
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Iir-'estlgalions  conducted  on  BAZT.GTE  decelefaiors  in  the  w  akedf  a  lead¬ 
ing  body  (ADDPEP,  Phase  Ur  Reference  2.1.  In  Figure  34,  the  two  holies 
are  immersed  ;n  a.  Sow  field  bochded  by  the  leading  body  bcrw  shock.  The 
parachute  decelerator  itself  is  subjected  to  a  flow  field  consisting  of  a 
viscid  aedinviscid  wake  region  resolfeg  from-ihe  flow  over  the  leading 
body.  A  portion  of  the  parachute  riser  lines  leading  to  the  confluence 
point  is  partially  submerged  in  the  viscous  region  of  thfc  leaalng  body 
wake.  In  the  vicinity,  of  the  skirt,  abow  type  of  shock,  is  formed,  in  the 
suspension  line  region,  which  is, Exposed  to  the  inviscid  povtion  of  the 
leading  body -wake,  otiliaue  iype  shocks  are  formed.  Spine  evidence  that 
such  a  flow  situation  does  exist  has  been  experimentally  determined  and 
reportedesn  ip.  Reference  32/  "  V  I  . 

Tfis  type  onflow  field  is  hot  readily-  amenable  to  engineering,  thermal 
analysis,  since  only  limited  expe rim ental  data  are  available  regarding 
sucri  a  flow ’field.  T^us,  in  Heu  pf  experimental  evidence  of  .a  particular 
type  of  flow  field,  the  decelerator  is  assumed  to  be  exposed  to  the  same 
frhe  stream  conditions  that  fee  leadmg  body,  is  subjected  to  along  the  tra- 
jetctcry  path.  This  in  essence  was  tjie  primary,  assumption  made  in  d  e- 
s&ribing  a  thermal  analyi^xs  m.efeod  for  parachute  accelerators  trailing 
in.  the  wake  of  a  leading  body  (AljDPEP,  Phase  Reference  1).  An  out¬ 
line  of  this  method  is  de^crxb ed  b elow.  Consideration;  c£  the  more  realis¬ 
tic  fiov/  fiel.{i  is  deferred  antiljdiOEe  definifiye  experimental  data  become 
available  on  flow  characteristics  over  a  parachute  decelerator  in  the  wake 
of  a  leading  body.  $ 

Ahalytic.Methods  '■--■■■  '=  - 

'—O'.  w  O  ,  ;  -  -  *  '  i  '  '/  . 

The  elements  of  theJPASASpNIC  parachute  decelerator  are  the 

suspension  lines,  feeleadihg  edge  of  file,  .skirt,  "the  skirt  surface,  and  the 
canopy  or  roof.  These  elementsare  shown  schematicaliy  inFigure  35- 
Thdheiaf  transfer  rates  to  the  suspension  lines,  and  skirt  surface  can  be 
analyzed  on  the  basis  of  flow  oyer  a  flat  plate,  and  the  skirt  leading;  edge 
can  be  analyzed  onthe  basis  of  flow  over  a  cylinder  normal  to  the  flow. 

In  each  case,  the  local-flow,  .properties- must  be  evaluated  as  functions  of 
the-  upstream  -flow  conditions  existing  in  front  of  the  dece^ecptpf .  These 
flow  properties  can.  then  be  used  in  conjunction  with  the  equations  for 
evaluating  the  heat  transfer  rates.,  that  pertain  to  these  surfaces  (presented 
-  in  Reference  i  and  not  repeated" herpj  .  . 

In  the  case  of  the  canopy  of  .roof,  the  calculation  of  the  heat  transfer  rates 
requires  a  special  consideration.  The  supersonic  speed  range  parachutes 
considered  under  ADDPEP  require  a  porous  roof  to  function  effectively 
in  this  flight  regime.  As  a  consequence,  a  flow  rate  through  the  small 
openings  of  the  roof  results  that  is  afunction  of  (1)  total  pressure  inside 
the  parachute  canopy  and  (2)  static  pressure  acting  oh  the  outside  of  the 
canopy  roof.  When  fee  ratio  of  pressures-becomes  critical,  sonic -flow 
occurs?  through  these  orifices  .  . 

For  purposes  of  thermal  analysis  of  .the-  ro.pl  elements,  it  is  assumed  that 
the  heat  flux  rates  to  an  element  of  the  roof  forming  a  section  of  a  typical 
orifice  could  be  calculated-by  using  a  heat  transfer  coefficient  obtained 
from  ame valuation  of  the  following  equation  (see  hist  of  Symbols  in.  the 
preliminary  pages  of  this  ^report):  .  .  _ _ 
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Figure  35  -  Schematic  of  Pv>xASONIC  Test-Parachute 


This  equation  is-  developed  in  Refer ehc.e  53;  for  calculating'  the  heat  irans 

fpt'  (•nSffioifenh  nn7.»1'A  waif.  If  a/lanfaWil  fn  fh*»  fonflitinns 


fs  speclfied  and  the  flow  around,  and  into  the  parachute  is  assumec  or  de¬ 
scribed.  '  '  =  /- 

;  -  _  ’  ‘.i  '  .  v  j 

Once  -the  "heat  transfer  coefficient  is  evaluated,  the  heat  flux  rate  into  the 
rd.of  element  can  be  described  as: 

/’•  '  '  q  «  h  (T  -  T:  )  V  ’  (31) 

-  c).  aw  vf-.  .  - 

Since  this-rate  is  dependent  oh  the  surface,  temperature,  the  method  of 
heat,  balance -must  be  defined  to  complete  the  thermal  analysis  method. 

Heat  Balance  Methods;  ° 

•Once  the  heating  rates  are  defined,,  the  temperature  response  of  any  of 
fhe  decelerates  components  may  be  calculated  on  the  basis- of  either  a 
quasiisteady  state  equilibrium  heat  balance  or  a  transient  heat  conduction. 
The  fact  that  useful  life  of  a'  decelerator  occurs  during  ahighly  transient 
phase  of  the  flight  suggests- that  the  heat  balance  be  solved  on  a  similar 


{ 
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o 
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basis.  Hence,  in/the  ca’sebfa  cylindrical  element  of  the  roof,  the  partial 
differential  equafionmay  be  applie^’/pr  heat  conduction  in.  a  solid  cylinder: 


9T  ^  „/3ZT  .  !  a.T\ 
•§7-  r 

*  ?  ^  ^  . 


•(fe. 


For  slab  like  elements,  the  heat  conduction-method  outlined  in  Reference  2 
may  apply.  This  equation  may  be  converted  to  a  finite  difference  equation 
so  that  the  heat-in  nainus  tha’  heat-.out'is'  equal  to  the  heat  stored'.  J£  it  is 
assumed^th9.t"the  material  is  divided^into  a  number  of  nodes,  then.for  any 
ith  node,  the  heat  balance  is:-  •  ■?  -  -  =»  r  '  • 

.  -  "  -  "  V  .  .  I*"'  *  '  ;  - 

hjfLJk ik.  jgsfa* tx *  4 it  ; "  f  v* 

v,a* 2.  >."r***,  **♦>• 

i-1  lri  +  i/  -  ,  r*  -‘  •  •' 

'>itic,.f  i(ritj  ^  rn  ^,T  'C  T  ; .  h.+ i-(Ti + 1  ~ T. * j 

A  f  \  2  JIH+Js  -i.4-  1/7  /x.  ..  -ft . 

m  ;  -  -  +  1  \ri;  +  2/ 

;  ^  1  (33) 

At  the  outer  surface,  the-following  boundary  conditions  apply: 

hc<Taw  '  hb*  «K,4  -  T./)  T;1)  +  — T^’ 

'  -  ;  O  C  ’ 

-  *  :  ,  ;  (3 if 

j 

These  equations  are  readily  adaptable  to  digital  computer  language  so  that 
they  can  be  solved’  as  a  function  of  the  trajectory  path.,  An  example  solu¬ 
tion  is- described  next. 


d.  Calculated  and  Measured  Values;  :SP-5 

The  thermal  analysis- methods  set  forth  above  were  used  to  analyse  the 
SP-5  flight  test  results.  The  SP-5  PARASONIC  parachute  was  designed- 
to  be  deployed  at  Mach  5.  6  and  an  altitude  of  120,  000  ft;  The  flight  iest 
was  completed  near  these  planned  -'deployment  test  conditions,  as  shown 
earlier  iiijFigure  27. 

Typical  thermal  properties  assumed, for  roof  elements  are  given  in  Tabid 
XX.  Since  the  roof  elements  were  subjected  to  the  most  critical  heating 
environment,  the  results  of  the  calculatioh-for  these  elements  are  pre¬ 
sented  here-..  The  other  elements  have  been  analyzed  as  suggested  in  Ref¬ 
erence  1. 
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TABLE  XX  -  TI^RMAL.  PROPERTIES  OF  SP-5 
MATERIALS  IN  FLIGHT  TEST 


T  II  Thidkness 

Material 


JUb'SS  ,  '  Coating  . :  .  0^  02 

Nomex  "  Roof  element  .  0;  1 0  diam 


Specific  1  Thermal; 

conductivity 
(Biu/lb-F)  j  {Btu/hr-ft-F) 


0.053 
0.  032 


The  heat  transfer  coefficients  were  ca.lculat.ed  using  Eguation  30  as  a  func¬ 
tion  of  timei.  The  aierrnal  environment  inside  -the  canopy  is  that  due-  to  free 
stream  conditions  subjei^d  to:  d^no’rmal  shock  at  the  inlet  face.  The  heat 
flux  rates  resulting  from  the  calculations  are  shown  in  Figure  36  as  a  func- 
tion  of  time  from  launch.  The  initial  peak  heat  flux  rate  on  a  roof  element 
occurs  immediately  after  deployment;  it  was  calculated  to  be  about  2.4 
Bth/f^-sec.  The, keafing  rate  decays  rapidly  as  the  vehicle  gains:  altitude. 
About  15_  sec  after  deployment,.  theheatingwas  calculated  to  be  negligible. 
About  366  sec  after  launch,  aerodynamic  heating  increases  as  the  vehicle 
re-enters  die  sensible  atmosphere.  The  maximum  heat  flux  rate  to  a  roof 
element  was  calculated  to  be -about  twice  that  experienced  during,  exit  flight 
deployment  (or  about  50  Btu/ft^-sec).  Thereafter,  the  heating  dec*  eases 
as  the.  vehicle  decelerates  tb.  ferminaVcdnditiohs. 


)  20  40.  SO 

TIME  FROM  LAUNCH  (SECONDS) 


Figure  36  -  Calculated.  Gold  Wall  Heat  Flux  Rates 
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The  pfsSictecTtejiiperacure  rise  in  the  iNbmex  roo£-|natef ial,  calculated 
using  Equations  32',  33,  and  34,  fs  sicwn  in  Figure  37.  Also  shown  is' the 
pr  edicted  recovery  temperature  talcniafdd  on  the  basis  of  the  trajectory 
computed  for  this  flight- test  case.  Superimposed,  on  these  predicted  tem- 
perabire  variations  are  the  (1)  telemeter ed  total  temperature  data  taken 
from  the  vehicle  hose  probe  ahd  (2)  Nqmex  roof  temperature  data  received 
from  thermocouples  fnoimled  in  the  roof  elements^  The  shape  ofthe  pre¬ 
dicted  £^overy  temperature  variatioh  .foUpwihg  deployment  of  the  test 
item  closely  follows  the  telemetered,  total-temperature,  vehi cle-pr oh e 
data.  However,  there  is5  a  10QG-F  difference  in  the  two  temperatures. 
Evidently,  this  'ifference  is  due  to  the  inability  of  the  vehicle  total  tem¬ 
perature  pr*.  cdmeasure  temperatures  in  ekcess^of  ZOGO  FT  The  total 
temperatures  -expected,  during  flight  test  should  have  ranged  only  slightly 
higher  than  20‘00  F.  Although  the  two  temperatures  (T^  and  T^}  are  not 
the^a^e  quantity,  the  difference,  is  much -greater  thancah  be  accounted 
for  ia  applying  a  xeicovery  factor 'to  the  iotm.  temperature  to  obtain  the  adia- 
ba$ic  yrall  fem^rature  {T/Wj '  3  .  -j  >,  .  j  z 


The  predicted  Norhex  surface  temperatsire  rise  for  laminar  andfor  turbu¬ 
lent  flow  are  In  excess  df  that  actually  experienced  shorty  after  deploy¬ 
ments  The  analysis,  based  on  existing  turbulent  flow,  is  too  conserva¬ 
tive,  whereas  the  temperature  rise  calculated  on  the  basis  of  laminar  flow 
is  mhre  reasonable.  “  ? 

---  --  .4  :  :  -  -  '  r 

>?  r  s  '' s  v  :  ...  .0  1  T.  o  .  : 

The  re-entry  portion  of  the  flight  is  shown  on  the  right-hand  side  of  Fig¬ 
ure  37.  Ibthe  fe-entry  case,  an  offset  ih  the  ealcidated  adiabatic  wall 
andibeasuredparachiiteteniperatoxeprofiles  may  be  caused  by  one  of 


JA)AXViT-  | 

r  .1  ...  I: 

T„(t»TE21' 


t.  TELEMETERED  TOTAL  TEMPERATURE 

.  cfNose'pre^p  .  - .  '  - 

Z.  ADIABATIC  WAIT  TEMPERATURE  FOR 
PREDICTED  tRAJECTORT  =  ~  '  .. 

3.’  PREDICTED  NOUEXSUPFACE  TEMPER¬ 
ATURE  U3ING;TURBV_ENTCEL0W  AND 
LAMINAR-FLOW  HEAT  TRANSFER  CD' 
EFFICIENTS.  '  .  ?“ 


|  (B).  RE-EXTRY 

A 


deployed  *■  PREDICTED  NO«EX  SURFACE 
kl£sT«4  78  CENTERLINE  TEMPERATURE  USING- 

\.  '  '  TURBULENT-FLOW"  HEAT  TRANSFER. 

Y  ’  COEFFICIENTS 

r  \  -  S.  TELEMETERED  DATA  FOR  THERMO- 

V  COUPLES  (LOCATED  WITHiN’ROOF 

*  I  .  WEBBINGIO 


«<Tnomex 


TURBULENT  (NOTE  S) 


p  io  CT  I 

,  LAMINAR  (N0TE3I- 


T^  (NOTED 

.1  _ -I 

A 

\ 

■ 

0  '  20,  «0 
ELAPSED  TIME  (SECONDS) 


Figufe"37  -  SP-5  Flight  Test;  Predicted  and  Measured  Temperature  Data 
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z  ~  .  ’  %  ■>  -  - 
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two  factors:  (1)  a-slight  mismatch  intimebetweenthe  actual  flight  test 
trajectory  and  file  cal  coated  je- entry  trajectory  upon  which  the  predicted 
temperatures  -are  based;  (2)  a  . time-delay  jin  the  nose  probe  readings.  It 
is  .also  heted:  that- a  temperature  ^differential  again  exists  between  the,  pre¬ 
dicted  anabatic  wall  temperatures  and. the  telemetered  hose  probe  tem- 
5  -  peratjares.  „ "V  ,v_  -  ;  V?  0\  5‘  ;  ;  r^:-  -  ::  -  '  :  .  - 

■  >-  o,  's-  -  '  '  -  ’ 

The  time  .offset  is  hot^obvious  m  the  case  of  the  values  for  the  Nnmex  ma¬ 
terial.  Tsyo  phedic^ed0temper3.ture..histpries  are  shown  intFigure  The 
first,  rising  steeply  abpve  fire  telemetered  data,,  was  calcniiated  for  a  po¬ 
sition  at  the  intepfacerpf'fiie  .coating  material  .and  the  Npmex  roof  element; 
cL  temperature  rise  to  700  F  is  predicted  in  15.  sec  at  this  location.  The 
second  temper atiire-;his.tcry  matches  the  ;telemetef  eel-data.  almost  exactly; 
this  history  was  calculated  for  a  node  inside  the  assumed’  cylindrical  roof 
element  shown  imFiguie  35.  The  exact  locatiohiof  the  thermocouples  is 
between  the  ’ly ebbing. surface  ana  its  centerline.  Other  calculates  nodal 
temperature  histories  would  have  straddled  the  data  of  the  two  curves  and 
are  hot  shown  here.  It  is  significant  to  note  that, a  fair  amount  of  correla- 
tion-exists  between  these  bemperathredtistories.  during  the  re-entry  phase, 
winch  tends  to  vepify  tiie  assumed.  turbuleht-flov/  hczcie  analogy  method 
for  calculating:  heat  flux  rates  upon  which  the  temperature  rise  histories 
:  °  =are  based.  f  .  '  .=  *■.;*'<  I  ,.i  --  =  -- 

lib.  conclusion,  a  fair  degree  of  correlation -exists  between  the  predicted; 
temperature  rise  ima  roof  element  and  that  actually  experienced  during 
.aerodynamic  beating  exposure;.  Since  the  temperature  rise  is  ultimately 
a  fimcticn  of  Ihe  accuracy  of  establishing  the  heat  fiux  rates  to-be  experi¬ 
enced,,  it  is  evident  that  these  must  be  predicted  accurately.  In. the  analy¬ 
sis  presented,  'a^ow«eidjefIhement.^puld  have  resulted  in  predicting 
,a  lesSjS.evere  thermal  environment  inside  the  parachute  canopy  and  there¬ 
by  lowering, heat  flux  rates  to  the  rogf  elem.er.tSi  T-he?methpdmf  analysis 
developed  in  this  program,,  however,  yields  results  that  are  within  the 
limits^of  engineering  accuracy  of  determining  the  test  environment.  These 
results,  may  be  used  for,  thermal  design; of  parachute  decelerators  with  a 
.  f air  def or^Widesegi  "  --  -  - 

7.  -MATERIAL,,  $EAM,  .T<E§T^IG- 

ft  *■  ’ 

a.  General  =,  ?  ' 5 

A  major.  Phase, -Illvgoal  was- to  extend  the  performance  capability  of  the 
xoated.Nomex  parachutes  to  their  maximum  -potential.  Accomplishment 
of  this  goal  hinged  on  applying  the  thermodynamic  (theory  '{detailed  in  the 
Phase  I  final  report, .  Reference  l)’;tp  the  best  coating  system  found  in-the 

-  Phase  1  laboratory  tests  and  verifying  this  construction  with  ah- instru¬ 
mented.  flight  test.  Additional  laboratory  testing,  of  the  optimum  Phase  I 
coating  system  applied  to.  the  small  parachute  design  is  described  below, 

-  -and  the  theoretical  thermal  behavior  is  compared  with  that  shown  by  the 

SP-5>  tests.  3 

b.  Material  Selection 

Selection  of  materials  to  be  ;used  for  construction  of  small  supersonic 
parachutes  was  based  upon  effects  of  probable  test  conditions  more  severe 
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than  the  design,  static  anddyhamic  loadings,  seam  efficiency,  tempera¬ 
ture,  and  safety^  After  basic  material's  and  required  strengths  were  de- 
termined^  the  parameters  of  weight,  .thickness,  porosity*  flexibility,  and 
weave  were -considered  together,  with  fabricating  and  coatingtechniques. 

Material  selection  for  flight  test  parachutes  SPr3,  SPf 4^  and  SP-5  was 
based  on  analysis  as  describ>fLih.Ttem  b  of  this  section. 

c.  Materials  Test iData  ^ 

A  series  of  tests  .were^pphductqd  to.extend  atnd  evaluate  earlier  data  on 
coated’ NoniOc  material s  pbtained  at  low  heat  Sux  rates.  The  latest  data 
were  obtained  using  Seated  air  accelerated  to  Mach  7  to  8  in  a  heat  tunnel. 
The  Nomex  samples  were  held  perpendicular  to  the, air  stream  and  loaded 
to  approximately  5  percent  of  their  quick  break,  room  temperature 
strength.  (Quick  break-refers  46  strain  rates  of  approximately  1  in.  per 
rainute  oh-i2^im  samples;  )  -  0  y  '  :5  .  ' 

"O'  '  .  '  _  -  ~ 

The  tested  samples,  included  Nomex  webbing,  similar  to  MIL-W-5625  and 
MIL- W -40 8 8  (see  Table  XXI).  The  test  conditions  varied  from  a  cold 
wall  heat  flux  rate  of  (L  8  to  12.  7  JBtu/ft^-sec  (see  Table  XXII)  ■.  The  test 
results  varied  from  Short  lift,  times  (approximately  2  sec),  for  the  uncoated 
samples  jto  long  life  periods  for  coated  samples  (20  to  30  sec)..  It  is  im¬ 
portant  to  note 'that  doubling  the  thickness  of  the  Nomex  webbing  (1  and  2 
versus  1A)  increased  the  lifetime  only  a  fraction  of  a  second.  This  can 
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;  T'  "*  '  ■'  .  ’ar€S.T8fispeg3Sa<2ns{sg.ft)  “ 


d. -  *■ *■> _ 


.  v  _=-: °=pt  = 

Tbe.apec^en  provided -were  2  ft  long  a^  approximately  0. 5  in.  "wide, 
Thpy  "were  yreijhed  p  ef orplasd  5&sr  coaling.  Tjaer  efoxe,  the.  'weight  of 
,  tie.iSpesnme^per-inpit^x.ea  'was  readily  calculated. 


,Taxe:  ... 


A4  & 4)(S~)  -  12  sqin.  =  0.  0835  sq.ft 


&  . 


?t:  #  =  Itph  °--w  psf 


ThecalculationsTpr.-coatedSpecirrieii'7aTe: 

7.4466- 


W7  “  453.6' 


=  0.  0164  lb 


136) 

P7) 

X38) 

(39) 


TV  .  =  =  0,  00523  lb 

;  -  ,  t  ■  ,  '-c  .  -  -  - 

Using  pne-baKlV  .  {since  Ifcap  questionable  ^befliex  ifce- aft  side  is  useful)’: 


;•■  -w-/  '  ;  -----  • . 

W?T  0.0164  +  0,00261  =  0.0191b 

-0.221  p>£ 

.  -  -  >  c-  ?  ■  '  'a  -  -  - 

The  calculations  for.  coated  Sp&imen  12  axe:: 

W  »  =  0.  0164  lb 

1  °-tf08;»b 

W12l,  .=  0.  0204  lb 

-  '  :  "  ^f  =  fef“-l470Btu/lb 


41) 

-(43) 

(44) 

(45) 

(46) 

(47) 

(48) 
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Th&  results  of  the  Phase  land  nilaboratory  test^,  irr  conjiihctioA^vitfe  the 
thermodynamic  heating  preiUctibns,.  mdic^tefi'  that  0. 100  in.  thick  Ncmex, 
coated  with  0. 025  in.  thick  Dydiatherm  D-65,  meets  tke-maidmum  heating 
case  reqcdreinehtSifpr  Phase  in.  -  ?  •/-  v.  .  - 

-$»  DESIGN  AND- FABmCAftON  f  >  5  '  ‘  :  - 

'  .  ~  '  ' 

fet  General  -  ->  '  _ '■>?.'  -  -  -  - 

The  principal  factors  that  shaped  the  design  andinfluencedthe  fabrication 

procedure  of  the  Phase  III  PARASONIC  smaii:  parachute  Configuration,  were 

as  follows:  .  5  -  .  ,  -  r  -  '  .  3  • 

>  -  .  >  " .  -  ;  -  - '  J  <  ’  •  ■  -  ”  - 

*  .  ^  .  'O'  •  -  -c  __  — 

lv  The  canopy  wa%  shaped'fpr  good  structhr.al  e2iciext(^.  . 

2i-  The  canopy  roof  elements  we.re  red4tively  hea\fy  and, 
were  coated  Tor  <gopd  thermal  perforinahce. 

.  _  '  *  _ .p’- V  V 

3  V  :  The  canopy ^k&thad;,a:~  catenary1  shape  for  efficient.  •; 

3  can6py-gu3p'ehsipm;lihe  lbad  transfer.  ;  , 

Described  below  axe  the  design:  and  the  fabrication  techniques  that  were 
generated  tp  incorpor ate  these  f eatures .  "  *  .. 


The  PARASONIC  designwas  a  refinement  of  the  HYPERFLO  configura¬ 
tions  .  (The  two  designs  arapresented  in  Drawings  5 3 0  A005- 300  and 
53OAQ05-30 1,  /  The  materials  used  in  fhe  'gortstrpction;  of  both-  uni's  were 
identical  except  in  the  regionrof The  roof  ;gbre-t6-'skirt  gore  seam  rein¬ 
forcement,  where  webbing  was  used  for  the  HYPERFL7'a-pd  bias  tape  was 
used  for  the  PARASONIC.  Other  design  differences  between  tin  two  types 
were  the  lack  of.  verticals  on  the  PARASONIC  and  the  treatment  of  the  in- 
let  reinforcement.  Both  canopies  had  12  gores- and  radials.  The  PARA¬ 
SONIC  radials  were-iormed  by  six  continuous  pieces  of  webbing;.  ov.»r  the 
canopy.  The  -radials  were  sewed  to  the  go.  e  seams  and  maintain  the 
spacing  of  the  roof  gqrewebbing.  1  •  -- 

;  3  ’ 

. 

The  inTet  reinforcing  tape  and  forward  edge  of  the  PARASONIC  skirt  were 
arranged  in. a  scalloped  pattern  forming  a  catenary  between  suspension 
lines  to  balance  the  fabric  stresses  near  the  inlet.  The  HYPERFLO  inlet 
was:  cbnstruc*ed:  asva  hoop.'  •>  ‘  *. 

The  suspension  lines  were  folded  and  stitched  into  a  rdvmded  cross-sec?* 
tioh  to  minimize  the  effects  of  the  lines  on  the  flow  into  either  canopy. 

The  confluence  poiiit  was  formed -by  the  use  of  a  keeper;  fihg  that  eon.- 
stfaihs  and  spaces  the  suspension  lines  .  A  single  hard,  cdhfluence  point, 
formed  by  sewing  the  lines  together.,  was  abandoned  ba-secFph  wind  tunnel 
tests  of  a  similar  parachute.  Line  failures  occurred  at  the  single  hard 
point  after  90  sec  of  wind,  tunnel  testing. 

*  . 

Fabrication  *. 


The  principal  fabrication  development  consisted  of  finding  a  method  of 
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weaying^aThreetcKiS^sioml  mesh  rGoffor  the  PARASONIC..  The  thermo¬ 
dynamic  heating  predict^^^  and  the  int.plant  test  results  indicated  that 
O.-lOQ  in..  thick  Womex,  coated  with  0.  025  im  thick  Dynatherm  D-65,  met 
the  maximum  heating  case  requirements..  Woven  and  flat  mash  cloth  and 
integral  weaving  approaches  were  reviewed1  as  were  the  width  cf  the  ele¬ 
ments.  j  - 

Fabrication,  of  parachute  roof  panels  from  coated  yarns  0. 15-in.  thick 
presented  mesh  qr  -grid  weaving,  problems,  as  well  as  problems  in  seams 
ing  betweeh-the  gqresr  andbetween  the  roof  and  skirt  portion's  of  the  can¬ 
opy.  Attempts  to  stitch  components  Wov  en  from  this  stiff  and  heavy  yarn 
proved  futile.  Efforts  to  interwea.ve  the  roof  gores  by  looping. -the  yarns 
together  at  the  .gore  edges  also,  were  unsatisfactory  (see  Appendix  YV. 

ThjS  fihal  approach-was'  to?h^nd^weaye  the  entire  roof  as  a  -unit,  using  a 
continuous- yarn  that  was  always  oriented  at  45  deg  to  the  gore  centerline. 
A  three-dimensional  -surface  was.  developed  upon  which  the  roofs  were 
woven. 


5  Assembly  alignment;  was  -'controlled  as  follows;  The  skirt  gore  seams 

were  matched  by  providing  match-marks  -along  the  centerline  of  the  seam 
lap;  These  marks;  were  transferred  from  the  gore  template  to  the  cloth 
-*  with  an:  iidc-marking  pen-.  The  marks  were  spaced  at  convenient  intervals 
of  one  to  four  inches,,  depending  on  the  degree  of  curvature  of  the  gore 
seam.  The  meridional  straps  were  correctly  located  by  premarking  the 
straps  with  station  marks  .while  they  were  in  a,  straight  and  lightly  ten¬ 
sioned  position  for  matching  with  corresponding  stationmarks  on-  the 
gores.  The  station  marks  were  Transferred  to  the  gores  from  the  gore 
:fempiaterwhildin^a;flat^gp'sifxpnv  -  -  "... 

,9v  BEeLo^MENT-$E^UENGE' A^ip-  PACKING  PROCEDURE 

-ft  *  :  -  t  -v 

~  _  ■*  Zf  t  ..  - 

-^General  ...  ,  • '  %  '  '  ;  .  3  . 

'-^ISpckihgand';;^ ^  :to;aIlesser  extent,  deployment  of  the  PARASObjiC  small 
parachutes  were  influehcedby  the  stiffness  that  the  coating  introduced. 
Figure  39  shows  the  deployment  sequence.  Figure  40  presents  photo¬ 
graphs  of  packing  the  parachute  into  the  deployment  bag. 


The  Phase;  III  deployment  system  approach  was  the  same  as- that  used 
previously  in  ADDPEP  Phase  I  for  small  parachutes  (References.  29  and 
,  34)  ahd  also  for  The  BALLUTE  flight  tests  (Reference  2).  Deployment 
was  from  within,  a  deployment  bag  and  occurred  with  lines  first.  The 
test,  item  container  was  "thrust  rearward  from-  Test  Vehicle  G  at  a  rela¬ 
tive  speed1  of  approximately  25  fps.;  The  parachute  was:  contained  within 
the  deployment  bag,  which  whs  accelerated  to  the  rear  by  a  bridle  to  the 
container.  Movement  of  the  bag  rearward  several  feet  straightened  the 
riser  forward  of  the  bag  and  caused  a  knife  attached  to  the  riser  to  cut 
the  forward  closure  cord  of  the  bag;  this  allowed  the  balance  of  the  riser 
line  and  suspension  lines  to,  be  extracted  in  ah  orderly  manner  from  the 
deployment  bag.  The  line  extraction  sequence  was  controlled  by  ties 
t'o  the  bag.  The  canopy  was  extracted  last  by  the  lines  opening  the  locking 
loop  through  the  internal  bag  loops  holding  the  canopy.  The  canopy  unfolded 
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•  >  VEHICLE  IK  FLIGHT  BEFORE  DEPLOYMENT  BEGINS:  PARACHUTE  PACKAGED  IN  DEPLOYMENT  BAG.,  KISER  ATTACHED 
TO  VEHICLE.  BAG-BRIDLE  LINE  ATTACHED  TO  AFTSECTION-OFCANiSTER.  ~X  ,  ">■■'  '  - 

. 5  p">  - ■ '  ■  g  v  <  5  .  *  .  '  '  '  , 

2. CANISTER  SEPARATED  FROM  VEHICLE.  DEPLOYMENT  BAG  OUT  OF  CANISTER.' BEING  ACCELERATED  BY  CANISTER 
THROUGH  BRIDLE  LINES.  RISER  LINES-.SLIGHTEy  EXPENDED.  ONE  RISER  LINEHAS  METAL. CORD-CUTTER  KNIFE. 

NYLON  CORD  LACED  THRbllGH  OUTER  LOCK  LOOPS  Op.  DEPLOYMENT  BAG  AND  THROUGH  KNIFE.  CORO  CLOSES 
END  OF  BAG,  RETAINING  PARACHUTE ANDRISER  IN  DEPLOYMENT  BAG,  WHEN  ACCELERATING.LOADS  ARE  APPLIED' 

TO  BAG  BY  CANISTER:  '  :  '  '  '0  J  ",  ; 

3  CANISTER'ANP  DEPLOYMENT  BAG  FURTHER  AFT  OF  MISSILE.  KNIFE  HAS  CUT  LOCK  CORD;  ALLOWING  RISER  LINES  TO.OEPLOY. 

4>'  FOUR  INNER  LOCK  LOOPS  SEWED  INSICEBAG  JUST  FORWARO  OF  CANOPY  INLET  HELD-TOGETHER  BY  A  LOCKING  LOOP, 
j  . THIS  ARRANGEMENT  HOLDS  CANOPY  IN  BACUIjTIL  LINES  AREFULLY  EXTENDED.  -  -  „  1 

5  dEPl6ykENT  BAG  OFF  PARACHUTE.  APEX  OF  CANOPY  IS  STILL  ATTACHEDTO  SAG  WITH  LIGHT  NYLON  BREAK  CORD  TO 
ENSUREFOILL  CANOPY.  EXTENSION,'  '  -  V, 

6'PARACHUTE  FULLY  INFLATED.  BREAK  CORO  BROKEN.  DEPLOYMENT  BAG  AND  CANISTER  ENTIRELY  SEPARATED. 


Figure  3.9  -  PA:RA.BO.jj|G  Small.  Parachute.  Deployment  Sequence 
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and  then,  was  aligned  by  a  tie  cordto  the-  bag;  When  the  tie  cord  broke, 

:  the  parachute  inflated.  '■ 

£.  Hacking  SP!-.3  Into  Deployment  Bag- 

The  parachute;  was  placed  on  the  folding  table.  The;  mesh  portion  ol  the 
canopy  was  stiff  as  a,  result  of  the;  coating.  Accordingly,  the  pattern 
shown  iib  Figure  41  was  used.,  The  apex  was  doubled  forward  and  made 
event- with- the  roof/Skirt  seam,  as  the  sectional  view  inFigure  41  indi¬ 
cates...  .  Then  the  robf^as  fplded  ihto  six  lobes,  .-as.  the  plan  view  shows. 
To  complete  the  canopy  folding,  the  skirt  was  pleated  and  turned,  into  the 
center  or  outside  the  roof  ;{nbt  shown  in  the  plan  view).  The  result  was  a 
loose  pack  approximately  12  in.  in  diameter  by 9  .in.  high. 


The  apex,  cord  was  Type  I,  100-lb  nylon,  doubled  to  give  a.  200 rib  . gross 
capability.  The  cord  was  attached  to.  the  bag  with  'clove  hitches  and  two 
half  “hitches..  The  locking  loop  that  held  the  inside  bag  .loops  together 
adjacent,, to  the  skirt,  consisted  of  a  25 -in.  circumfersnce  of  I^ih,  2500-lb 
webbing  closed  v/ith  a  3 -point,.  3 -in.  long  splice  sewn  v/ith  FF  thread.  To 
protect  the  fold  of  suspension  lines  in  the  end  of  the  locking  loop,  the  fold 
was  wrapped  in  a  6-  by  6-in.,  piece  of  Nomex  cloth  before  being.  inserted. 
Four  35 rlh  cotton  Jtie  cords  held  the  suspension,. lines  and  riser  to:  the  hag. 
One  was  placed  around  the  folded  suspension  lines,  ope  at  the  confluence 
ring,,  and, -two  along  the  riser.  The  cord- that  closed  the  bag  consisted  of 
twbfturns.  of  550 rib-cord. 


Figure  41  -  PARASONIC  Small  Parachute  Canopy  Folding  Pattern 
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10.  -SUMMA  RY  AND  ''CONCLUSIONS 
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-a.  Configuration . 


» 

*  <=! 


Phase  1  information  (Reference  T),  "supported  "by- rhore  recent  wind  tosrnel 
results  (Reference.23),  wasus^d  ini  generating  the  small  parachute  (SP) 
flight  test  configuratioE.,  The^tee-rf light  stability;  results,  based  on  drag 
link  data  (Figures  26  and 23)  and  SP~£;;camera  data,  were  similar  to  the 
results  obtained  with  sifriilar  full-scale  units  (4-fi  Dq)  in  the  PWT  facility 
at  AEDC  {Figure-'23A}r.  The"  lateral  stability  measured. by  the  SP-4;film 
was  ±3‘  deg  at  Mach  1.4.  .  :  .  *-  :  - ;  -  ,  - 


b.  Aerodynamic  Loadi 

-During  free'-flight  And^wihd-tundet'testsr,  the  parachute  was  observed  to 
take  its  design  shape  under  load.  The  drag  values  measured  for  full- 
size  units  in  the  wind?  tunnel  and  in  free  flight  agree  within  the  accuracy 
Of  the  data..  Based  on1  these  limited  correlations,  full-s calfe  tests  ;in-the 
wind  tunnel  are  recommended  for  establishing  parachute  drag  and  sta¬ 
bility  characteristics,  to  Mach.  3  and  dynamic  ^pressures  greater  than  120 
psf,  which  are  the  limit  values"  of  the  wihd-tunhei, facility.  Reported 
small-scale  wjnd-£uhnel?dat4 ‘wdre  not  consistent  enough  for  dbsiga  use 
(Figure  i30).  ^  .  .  7  . 

The -measured  nominal  surface;  ar  ea  drag  coefficients  were: 

1.  For  SjP-3,  0.  30.6  at  Maph  2.  68 

X  '  For  sKX  !0.  3t7  at  Ma'phd‘;.  42. 

'  ’  *  •>/  3.  For  SP-5,,  0. 145  at  Mach  5.23 

These  valuesc  compare  favorably"  with  the  predicted.  drag  coefficient  values 
that  were  basedonTull-scaleWind-tunnelteSts  of  6.242  at  Mach  2.  68, 

0C32  at  Machvl.  42,  and  0.,-iY  at  Mach.  3- 23  (Figure  30)-.  However,  the 
test  values  are  considerably  dess  thari  the -drag  values  that  stemmed  from 
predicted  pressure  distributions  over  the  canopy  (see  Table  Xyill),  which 
do  not  consider  the  loss  in  total  pressure,  due  to  the  wake  of  a  forebody. 

£.  Structure  >  -  -  - 

Omthe  basis  of  the  drag- link  and  camera  data,  it  is  concluded  that  the 
parachutes  are  more- than  structurally  adequate  for  the  design  .conditions. 
T^e  re-entry  case  for  SP-:5  indicated  the  pkrachute  could  withstand- more 
severe  heating  and  loading  environments  than  the  design  values.  Peak 
loads  of  lOOp  lb,  after  being  subjected  to  a  cold  wall  pulse  Of  337  Btu  pulse, 
were  withstood,  as  compared  to  .a  design  load  of  1482  lb  and  . a  cold  wall 
heat- pulse  of  1’21  Btu  (Figure  3 6j.  -  .  s  ~ 

d.  Thermodynamic  Analysis 

A  thermodynamic  analysis  was,  performed  to  (1),  compare  the  predicted' 
material  temperatures  with  the  meas.ured  temperature  values  for  the 
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SP-5  flight  testarid  (2)  evaluate  the  predicting /technique., 
technique  is  considered  acceptable  for  engineering  design, 
-pres  ehts.  the ; values  for  comparison.  =  *  •*'.  * 


The  prediction 
Figure  3? 


The  measured:  maximum  20d-F  temperature  v? due  during,  as  cent  can  be 
compared  with  300  F  for  laminar  flow  and  500  F  for  turbulent  flow  heat 
transfer  rates;'  The  measured  temperature  values  to.  800  F  during  re¬ 
entry  can  he  compared  with  the  predicted  teirperature  values  to  800  F 
-for  ttirbulent  flow  heat  transfer  rates.  These  conripatisoris  suggest  that 
the  heat  transfer  coefficients,  during  SP-5  as  -ent  should  be  based  oh  lami¬ 
nar  flow  values."  The  re-entry  values  agree  with  the  turbulent  heat  trans¬ 
fer  values.:  >5  »  "  r-  :  :  ‘  .  - 

Materials  ?y!  5  '  '  i  ~  . 

The  selected,  materials,  which  performed  as  required,  included  Nornex' 
cloth  and  webbing  coated  with  Dyriatherm  D-65.  Heat-tuririel  tests  indi¬ 
cated  that:the  coating  offered  a  much  more  efficient  heat  protection  ap¬ 
proach  than  increasing. the  mass  of  the.  Nomex  (Figure  38)'. 

-  -Design  and  Fabrication^ : 

The  structural  design  evolved  from  analysis  performed  during  Phases  I 
and  III,  The  b'_sic  changes  from  the  Phase  I  designs  were  associated 
with  the  higher  temperature,  predicted  for  the  SP-5  flight  test  conditions., 
These  conditions  required  the  development  of  f  abrication, .techniques  for 
the  mesh  roof  (Appendix  V),  These  included  establishing  (i)  a  three? 
dimensional  "saddle"  shape. form-f or  weaving^ the  roof  accurately (2)- 
weaving  techniques,  (3)  attachments  to -the  skirt,  and  (4)  coating  methods. 

deployment  System  and  Packing  Procedure 

The  Phase  III  deployment  and  packing  procedure  is  similar  to  that  used 
for  the  small  parachutes  in  Phase  I.  A  bag  was  used  to  obtain  lihesrfirsf 
deployment  arid  limit  the  snatch  force. 


(Reverse  is  blank), 
9:7 
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°  e\  .  : rJ.  y* }'  ‘4%,;,  - 

During  the1  concluding  Phase  of  ADDPEP  {Aerodynamic  Deployable 
Deceierator  Performance -Evaluation  Program),  wind-tunnel  and  free- 
flight  tests  results  were  used  tb  evaluate1  .'deceierator.  design  methods  and 
testing  techniques ,  The  main  conclusions  stemming  from  these  evalua¬ 
tions  are  drawh;together  in-this  sectjcne.  ^  .  ... 

PREE-FLIGHT  TEST  CAPABILITY  % .. 

•  '  ■  .  r  •- "«  ■  ■  . 

From-fests  of  the  frde’-flight  te9t  vehicle^ booster  systems,  it  is  corir  . 
•eluded  that:  -  5.  :  *  ,~a  .  :  ’  -  - 

i-/'  -■  c.  m  >?'  •  “• 

1.  The- performance  of  Test  Vehicle  A/Booster  can.be, 
predicted  with  .conEidence'i  -  The  data,  system  is  ade,* 
quate,  excephthat  the  exterior  camera  becomes  un¬ 
reliable  at  the;  higher.  Mach  numbers.:  above  2.-2.  As 
a  whole/  recovery  and  reusability  of  the  system:  ex¬ 
ceed,  the  design  goals.;  However,,  the  reliability  of 
the  cameras  is:unacheptable  with  more. thari  onerreuse . 

2.  The °perf or mance-  of  Test  Vehicle  G /Booster  also 
can  be'  pre  dm  ted  With  confidence..  The  data  irans- 
missionirange  is^exceiieht.,  Tracking  beacon  drop¬ 
out  -occurred  just jJidor  iqTaunch.:durihg  the  SP-3 
teSlf  dnd  at  Lahce  ighitiqh  durihg  the  SP-5  test. 

$Ken  recovered’,  the  Test-:  Vehicle  G  meets  design 
?gqals  for  reusability.  .  *  . 

-1  c-  -  —  -  - 

LARGE  PARACHUTE  DEGELERAtOR  ' 

From.freb^flijght  tests  of  the  large,  supersonic,  hemisflo  parachute-  de¬ 
sign,  it  is  concluded  that:  ,  .  . 

1.  The  flight  tests  confirm  the  strong  inflation  charac¬ 
teristics  of  the  canopy  when  the  inlet,  is  reefed  to  low 
area  ratio  values  (0.  15  to  0.  20)in  the  transonic,  and  „  - 
supersonic  regime  (Mach  2.  7)v- 

■j 

2.  Phase  III  free -flight  drag  values  are  consistent  with 
Phase  II  results  and  significantly  higher  than  results 
obtained;. from  wind-tunnel  tests  of  similar  model's. 

3.  In  the  case  of  parachutes  having  less  than  0,  25  line 
twjst  values,  the  measured  opening  times  decrease 
with  increasing  flight  Mach  numbers  and  dynamic 
-pressures.  Phase  II  efforts  indicate  that  1.5  turns 
of  line  twist  lengthens  the  opening  time. 

4..  Calculated  values  for  opening  shock  indicate  that 
these  values  decrease  withincreasing  Mach  number  . 
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and  dynamic  pressure.  The^lar-gest  opening  shock 
value  occurs  at  thelowestMach  number,  dynamic 
pressure,  . and-re'iefing  size. 


diXF T.  c.  . 

6-  Reduced  f.edfi^JihSf Toads  dr.  a  mu*,  stronger  .reef-" 
ing  ixne^is^eguire'dfdr'  dyhaniic  pressures  greater 
than  appr oxima  tel'y  250 Opsf  /  ' 

7.  Changes  to  the:  suspension:  line  fnaterials’  should  be 
considered  because  of  the  damage  to  thelines ; 

8  .  The  deployment  approach /is  satisfactqr  yi.  as  dem<* 

'  oristrated  by  the  fact  that  the  snatch  loads  are  much 
less  than  the  dpening, loads  and  the  lack  Of  deploy¬ 
ment  bag  damage ,  However ,  damage  to  the  nylon 
lines  stilf  occur s.. 

SMALT  PARACHUTE  .DE  CEEERATOR 

From  wind-tunnel,  and  free -flight  tests  of  the  small  supersonic  .parachute 
design,  designated  PARASONIG,  It  is  concluded-  that: 

1-.  The  PARASONrC  design), demonstrateS'  Similar  in¬ 
flation  and  system  stability  characteristics  during 
wind-tunnel  and=  free-flighfc  tests.  The  stability  is 
'bettef:'thah.  that  of  a  3EfyPERFi,p  design  that  was 
also  inv^sti/gatedi  .  f  '  ‘  .  .. 

2.  There  is  a  good  correlation  between  the-  drag  charac¬ 
teristics  of  the  free-flight  tested  and  wind-tunnel 
tested  full-scale  parachutes;.  At  Mach  2.  68,  1 . 42* 
and  5-;  23,  the  nominal  surface  drag  coefficients  are 
0.  306,  0.  377,  and:  0. 145,  respectively,.,  based  on 
free -flight  data;  ahd  O.  242,  0.32;,  ahd"0:  V%,  based 
on  wind-tunnel  data  and  extrapolations-.  The  small- 
scale  data  obtained  ate  riot  consistent  enough  for  de- 

'  sign  use.  5  '  0  - 

; ,  v--:  .  •? 

3.  The  parachutes  are  structurally  adequate  for  the  de¬ 
sign-test  conditions. 

4.  .The, therma/l,  analysis  approach  is  acceptable  for  de¬ 
sign.  Good  correlation  -occurs  for  the  re-entry  case 
where  turbulent  flow  conditions  exist. 

5.  The  coated  No.mex  materials  used  are  more  than  ade¬ 
quate  for -the,  design  heating  and -drag  loads., 

6.  The  deployment  system,  which  is  similar  to  normal 
lines -first  approaches,  is  adequate. 
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-ESTIMATING.  MAXIMUM.  REEFING-  LINE'  LOADS  FOR; 

LARGE  PARACHUTES  ...  '  ; 


An  analytical  approackis  presenteq'her  e -for  iestilnaiihj;: the  maximum  reefing 
line  loads  oflarge  supersonic  parachutes.  The  approach  considers  the  work 
done  by  the  dynamic  pressure  froni  the  line  stretch  configuration  to  the  reefed 
configuration.  It  is  assumed  that  the  work  is  stored  in  the  canopy  as  strain 
energy.  The  values  calculated'  using  this  approach  are  compared  with  results 
obtained  from  free  -flight  tests  of  si5c  large  pztra.chutes l*  designated'  LP-3',  -4, 
~5,  -7.  -8,  and  -=9.  All  the  parachute  canopies  are  characterized  by  a  nomi¬ 
nal  diameter  of  D0  =  .16  ft,  and  by  a  suspension  line  length  of  Lg  =  32  ft. 

Two  basic  simplifying,  assumptions  are  madeg  .  ; 

\  The>floyf  is;  incompressible;  -  \ 

"  =■"'  '  j  ‘~-T.  =».  •  .. 

: ;  t2.  =  The  external  flpwii^  at  ambidnt  conditions. 

j  ■  •  ; . -  '  =>-  '  "-..V  '  ,  '  ‘ 

With; these  assumptions,  the  pressure  difference' across  the  canopy  is  con¬ 
stant  n.nd=  equal  to 'the  dynamic  pressure.,  and  the  canopy  shape  becomes 
spherical  at  maximum. condifiohs.  Thus,,  two  energy  factors  are  ignored:  (1) 
the  energy  reduction  due'  to  the  higher  external  pressures  acting  on  the  for¬ 
ward  canopy  surface  and  (2)  the  energy  increase  due  to  lower  external  pres¬ 
sure  at  the=fbase  of  the  canopy. 

JThe  fqllhwing  equation  gives  ;tKe  work,  W,  doiie  hy  the  dynamic  pressure^  q, 
?oh  the  parachate  Pdrifigufation  of  Figure  ^2A  to-hring  it  to  the  configuration 
of -Figure  42B:  * ’  ‘  -  a  .  •  -4 


w:  =  q(^p--  Vj-)- 


(49) 


Where: 


=.  -  Volume  of -air  boundedi!by  canopy  and-  inlet  plane 

Y.  =  volume  ;:o£  air;.  enclosed  in  reefed  parachute 

This. .work  ip  stpred  as  strain  energy:  m  the  canopy i  Assuming  that  a  uniform 
biaxial  stress,  N^,  due  16  opening  shock  exists  in  the  canopy,  the  strain  en¬ 
ergy  stored  per  unit  area  of  canopy  is:,  . 

•;  •  (50i 

-  •  .  R  '  -  ‘ 

Where  S^,  is  the  surface  area  of  a  partially  opened  parachute  and  where  c 
the  strain  in  the  canopy,  is  assumed-afc  the.. maximum  value  oft 

CM  ~  0-.  14  ft/ft  .  (51) 
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It  is  notedithat  fsee  Pigures;  4?,Aar:d  3):  f 

-  ■?  i-  -V'"-  ;  -  4  - :  3V 

-  ;=  j  »;■$.; 5 . 

-  ■  '■  -  -  =  ~  -  ;  -  J  <■  ~i  ’ 

“v  'i  ;  sr=>4^r2. 


IVhehe:- 


...  .  .  •  VtSi>Po.R  , 


D  5  length  from  apex  to  skirt  along  meridian 


*R.~ 


axachute  radius  (assumed  spherical). 


P';  «  reefed  . puradhuteaniet  radius 

:  ,  =  kR  or  o  ?  ;  k  =  1  ?  , 

R: *  ==  fully  inflated^phrachut'e  rnlet  radius 


^NpwPjquatlqn  SOisolved'-for  giyes;-. 


.  O;  e  aC 


u  >s  ~°  is  — 5L_:  ir  -  ~  IT,  -  Q  9P 
1  .  0.  -14  3:%  4;  ^  :  VK< 


7.143  Cq; 


Where; : 


®'-?4 


■In  additiohto  Wj,/  the  canopy  is  subjected  to qhe  familiar  stress  due  to  dy¬ 
namic  pressure; 

\.,5  ,  •  -  ->  ;*  '  ■  1  ■  qr  > 

'  c  1  . «  : '  ;  ..  •  ,  N,  =  ^  (56) 

'  ✓  .  '  ij  ’W 

J  .r  '  '  -  *_  ' 

Considering  the  meridional  stress,  Nj,  +  N;>,  around  the  inlet  and  projecting 
it  in  the  plane'  of  the  inlet  gives  an,  outward  radial1  loading  oh  the  periphery  of 
the  inlet;  The  total  drag,  t>,  is  given  by; 

'  D  *  -CftSp*  «»> 

Where:  • 


M 


2 
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drag-eSe'ffi  cient  >t,  5  s 


=  opening,  parachute  frontal  area 

•  -  -•  •  v.  •- e,‘ *  '  " 


;He 


mward  radial  cqmponent  of  this  load,  whicn  relieves  the  .outward  component 
(Nf  j  +  N^)'  sin  8  ;(see  Figure  42B)::  '  =  5  j  :  '  • 


o;  .  >  - 

.5-  :  -  •  t,  _  ■ 

jqp'  -fi-- 
3  L_  T7 
K  "5 


(58) 


Where: 


71 

=  inlet  perimeter 


kg  .=  length,  of,  suspension  lines? 


Note  that:. 

3  . 


*fc  =  2*Ro,R 


kg  =  32  ft 


(59) 

(6o 


>•  - 

Now  Equation  58  becomes; 


>  -  j  -  2 

'  ni  ?  M?  =  =  0,02344^^ 


(6f) 


Consequently,  the  net  outward  radial  load  per  unit  length  of  the  inlet  periph-- 
ery.  is:.  .  ...  .  A"  -  .  T  r  . 

~  (?i  j  +1^2^  sln  6  "  hi.3  (6?) 

Arid  the  hoop -.tension  is:  '  • 

~  :  J  ^  ' 

PR  -  NRltQ,^  =  [(Nr+  N2)  sin  0  (63) 

The  angle  8  and' the  radius  fp  may  be  determined  from  the  geometry  of  Fig¬ 
ure  42B  for  X  =  ^0._  In  fact:  ;  ~  y  8 

(G  +  f)rR  =  L  '  -  o  (64) 

> 

rR.“3  8  »  V 

Dividing  Equation  64  by  65;  results  in: 


(65) 


APPE.  jJK-2 


fi*  JL  iL- 

t  '  Z  -  L.  r  _  9  .  316: 
oc.,0  -  R0iR  -  R0iR 


From  Figure  42G:  ''  '  \ 


V/hefV:  * 


So  =  ZjhH-i  +  sin  £*  =  -fr-  #  0. 7854(16) '  «  201.  06 


_  ?  h^lly  inflated  canopy  surface  area.. 

=  canopjr  nominal  diameter 


Hence: 


1  /  201.06  ?  i 

•*  VSE  309)  “  4',42« 


L  =  (l t ft) r  *  To1  ^  f-942(Mj)  =  9.3r6.tt; 


rR-inay  be  fojund  £r,om  either  Equaiion*64  or  :65 . 


can 

radius 


giyeh  in-  Table  XXIV  for  comparison. 

Results  of  the  tests  indicated  the  reefing  lines  were  broken  for  the  LP-3,  T-fp~ 
?»  TjP-9  parachutes.  The  analytical  values  predict  the  results  of  LP-7 
and  LP-9  by  almost  a  factor  of  two.  Parachutes  LP-3,  LP-4,  and  LP-5  ap¬ 
pear  marginal,  with  only  JLP -3  breaking,  and  that  occurred  approximately 
1/10  of  a  s^-ond  after  the  initial  reefed  shape.  -  l 

From  the  results  of  this  analysis  (which  requires  only  knowledge  of  the  parar 
■chute  size,  materials,  and.  the  test  conditions },  a  reefing  line  strength  can  be 
predicted  within  engineering  requirements.  Further  refinements  would  in¬ 
clude  the.  use  of  compressible  flow,  vehicle  wake,  and  estimates  of  . the  exter¬ 
nal -flow  for  the  various  stages  of  opening. 


/;:£. 
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DRSGuJ:  PARACHUTE- SFZE  ANP  REEFING 

■ '  ;  _=■  -  *  ■» 

'  Si^S^j'QR^RG^PAkACHlJTES 


i.  GENERAE  •  I  '  .•  '  «  V  .  ’  - 

v  /  .  :  n.  O  ,s  :  •>  *  5  K  »  »  . 

. -  •;  ^  ■  •  : ■>  a';  =  /  -=  -  -  '  •_ 

TMs  appiendix^resents  thevapjjrpach  for  determihiiig  the  drogue  size  that 
vfds  ^ised -to  deploy:  therLP-?s^EP-8i  and ■:LP-9>'i*i^g§.  supersonic  para¬ 
chutes  at  3^  conGtahtr. acceleration.’  I  -  -  ;  -- 

.  "  iy  "  "r  .  -  £,  '  ~  9  "  ' 

2  <  ASSUMPTIONS  '/  //.  ■  ‘ '  ; 

0  ’  =  ,<>  „  ^  ' 

The 


3.  -;3CL 

-  .  ->r  ' 


*•  ’  -  ^  v.  ^  -0  - 

-i.  Weight,  of  dest  item  and  bag*  =  140  lb  .  :  : 

-  -2.,  Weight  of  4rogue  parachute  h  5  ,1b,,  , 

*  *  -  z  ~m  *  •  «\  1  ■  _  _ 

•-A;.  Desired,  acceleration,  = 40.  g> :  =  ,  : 

•  .  ■  /  =-  :  -?  '  /■  .f  .•■  .  . 

^  4V  Nominali  surface- drag  coefficient,  C^  =  0.  09  to 

0.26  (References  Id ° 

..  *<?o  .  ■ 

5-.  CalCula.ted.teSt  conditions':  Mach;  M  =  2.  2~,  =  2.  6, 
iand/^ijiOsfor  xiynhihic’pressure,  q(  •=  ^440i  =  7450, 

-  '  ah® 2^  9900  >psfi  respectively.--  / 

*,  .W  -V- : 


"*-'r  >»  *  . 

.a£e:-\ 


The-  drag,  r.i 

-  (4;0){T45j  =  5800  lb 

...  The  .SQA  reqiiirements  dbr  Mach>  3rn>;  2.,2  are: 

v  ■>  V*'  *  v  '  -  : 

*  '  5800  ^  :5800  _  n  ,  «7  ft 

v  9900  to  5440  ~  Q.-585  to  4.  (17  sq.ft 

Depending  on  ;the  reefing  rAtiot  t  - 

'  C-r.  at  Mach-2.  2  ;=  0.1  to-0.26 

;  .  .  s  "A  ;  ' 

,  -  "  Cp  at  Mach- 3.  6  =  0.  09  to-0. 26 

*  i  -O '  ^ 

The  nominal  surface  areas  (SQ)  corresponding  to  the  GD„  values  are: 

.  o 

-  '  •  -  1  07  - 

SQ  at, Mach  2.  2  =  Q^t  s  4.  1  sq- ft  (no  reefing) 


(70) 


(72) 

(73) 


(74) 
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SQ  at"Mach  3a  ■=  =  6.5-  scfft  jmajdmum  reefing)  (75) 

_  .  T  '  -  *  .*  O;  '  "  ' 

The  choice  of  a  drogue,  with  a|i<S0'between  these,  two  values,  can  be 
reefecbfon  the  desired  range  of' drag  areas.  A  30rim  diameter  (D0)  para¬ 
chute  (Sq5  =  A  91  sq  ft)  with  various  degrees  of  reefing  was  chosen. 

Reefing  size  at  niSidmum  dynamic  pressure  (q)  is  based  on  required  Gj)  : 

GjcA  at  Mach  3.  0  =  0.  585  (76) 


■.  /r  cd  =  Wr-=0'119  P7) 

- ’  „  .  :  .  - 

:  Zf  •  s"  - 

*  it  '  ^  ’  ' 

To  obtain  this  0;  il9  value,  the  reefing  area  is  equal  to  20  percent  of  the 
constructed  inlet  area  (based  on  datalin  Reference  11)  .  The  reefed  inlet 
si£e  is  also  equal  to  the  Square  -root,  of  0>  20  or  O'.  466  times  the» constructed 
inlet  diameter,.  These  values  are  compared  with  those  of  Reference  20, 
Configuration  R?l,  where-  the  nominal  surface  drag  coefficient  is  0.  0,9  to 
0. 12  for  an  H=  ..6-percent,  and“0. 18  for  a  26. 2-pefcentj  reefed?to- con¬ 
structed  inlet  area  ratib.  The  larger  scale  results  predict  larger  dx^g 
values  for  the  same  reefing,  size  at:Mach>  lv8  -to  2r.  2. 

O  ’’  ‘  -  - 

These  reefing;  ratios  can  also  ^be  compared  with  the  maidmum  reefed  con? 
dition  Of  . the  test  paxachute  for  the  fligh^t -Ca.se  .of  DP-5.  Here  the  reefed 
canopy  inlet  diameter  was  ,1.225  ft  verfus  a  constructed  diameter  of 
2 .  35.5;  ft.  .The.  corresponding  hrea,ratioiwas'^'6“  per  cent.  The  nominal 
surface-drag.  coefficient  was  0.  25,  which  is  above  the  O.  1.0  for  small- 
scale  ahdsO.  17  fpr  large-scale  wind-tunnel  data.  The  drag  force  based 
,  on  all  three  . coefficients  is:  ~J  ' 

>  c  1  v-  -  ^ 

D-=  (0.25,  0.  10,  and  0.  17) (3383) (12.  566)  =  10,625,  4250,  and  7220  lb 
/  (78) 

4.  .  WAKE -CONSIDERATIONS 

0  . 

The  small'? scale  data  were  taken  behind  a  2? in,  forebody  diameter,  and 
the  parachute  projected  diameter  was  13  in; ,  a  ratio-cf  6.  5  to  l.  The 
large  -  s  cale  data  Were  taken  behind1  a  1, 47-ft  forebody  diameter,,  and  the 
parachute, constructed  diameter  was*6.67  ft,  a  ratio  of  4.5  to  1.  For 
LP-3,  LP?4,  and  DP- 5,  the  flight  test  drogue  was  behind  a  15 -in. -diame¬ 
ter  test  item ^deployment  bag,-  and  the  ^constructed  diameter  of  the  drogue 
parachute  was  32  in.*  a  factor  of  approximately- 2.  For  LP-7,  LP-8, 
and  LP-9,  the  construction  diameter  of  the  drogue  was  20  in. ,  a  factor 
of  1.  ?*3.  The  films  iiidicatedfull  inflation  of  the  drogue  reefed  to -a  14.  7- 
-  in.  inlet  diameter  for  the  LP-5  test  at  8-bag  diameters  aft.  It  was  anti? 
cipated  that  full  inflation  of  the  smaller  parachute  at  the  same  position 
would  be  attained  because  the  reefed  inlet  diameter  of  the  smaller  30?in. 

DQ  parachute  was  17.  67  in.,,  compared  to  14.  70  ip.  for  the  48-in.  D0 
parachute  used  during  the  LP°5  test. 


/  > 


;  l&a 
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GROMMET  TEST"  RESULTS:  LARGE.  PARACHUTE 

_  ~y '  c  ’ "  " 

'  DEPLOYMENT -BAG  - 

-  -  ■  £>'  :  - 
00  -  .  "  -  *  5;  -  O’  .  -  ,  -  r  o  --*• 

/"/•»--  -  ...  •  =' 5  ;  ,  '  ~  _  •  ■/  -  • 

Listed  below  are  the  results  of  ppU  tests  conducted  on  samples  that  were  based 
ondhe  grommet  lacing  approach  uSedfor  the  large  parachute  deployment  bag: 

T.  No.  1  sample  of  deployment  bag  constructed  to  Drawing 
530A005--Q17  '  /  .1  5 '  ••  '*'•  '  /  ' 

•a;.  Material  .  *  •  --  •  =  "  *.  : 

Lacing  webbing/  ISO# ib,;  9/l6  in.  :  - 

»  -  Lacing  gromm'etsi:  four  xto*, 2  .  -_/  - 

s  *  -  b.  Results^ttotaLfor  fbur  grommets)1 

Grommets  began  to  pull  out  at  1500  lb  . 

;  Cloth  iailure,  atu2480  lb,.  ,  c  1 

2.  No.  2  sarhnle  of  deployment  bag  constructed  to  Drawing 

5304005-017  ’  ;5f  •;  * ‘ '  V'.  • '' ' --  :  : 

a-.  Material*  '  -  ; 

Identical  tomb.  T  sample  • 
b.  Results  (totaLfor  four  grommets)' 

-  r  Gromniets  begamto  pull  put  at  1500;  lb 

-  Cloth  failute  at  2390  lb  -  '/ 

No;  3  sample  Of  deployment  bag  constructed  to  Drawing 
530A005r6l7  Using  heavier  bag' cloth  •» 

.  a.-. .Material.  . '/  ?  .  /  . 

■  Lacing  webbing:  ISGO-ib;  p/l6t'in.  '  \ 

.  Lacihg;.groTtunetsr  five’  no.:  2 
Bag  material:  Sltern  and  Stern,,  hov  2823,  20.  5  oz 

b.,  -RejBulfs,  ’(totaLfor  five  grommets);  /’  •  •  . 

Grommets  began  t.o-ppil'dut^at  370,0  1b  .  ‘ 

Grommets  badly  bent  .at.  4000  lb  . 

Taw  slippage. at  48.301b 

4.  No.  f  sample  {(no..  3  sample  modified) 

7'  a.  Material 

;  ’  'xt  •  __ 

Nos  3-  sample  with  ho.  3  lacing  grommets  replac¬ 
ing  the  smaller  no^  2  grommets;  and  with  1800-lb 
5/8 -in-,  webbing  replacing  the-1500 -lb,  9/l6-in. 
webbing  .  ■  ' 

;b.  Results  (total  for  five  ;grommets) 

Webbjng  failed  at  4950  lb  near  center 

Grommets  elongated/  but  In  place  .  , 

Bag  cloth  undamaged 

5.  No.  5  sample  (no.  3  sample  modified) 
a.  Material 

No.  3  sample  with  new  no.  3  grommets  replacing 
the  previously  elongated  no.  3  grommets  in  the 
no.  4  sample;  and  keeping  the  T500"-lb,  9/l6-in. 
webbing 


APPENDIX  IH 


b.  Results;(tofal:for  f ive  g rbmmets)  -  : 

>  '  Webbing  faaled.afe4'925  lb  :  ' 

-  ~Gr,oii^etV=eT6ngatedi  bbt  in,placeL.  ‘ 

Bag  Clotib  iindamaTged  _  -  ? 

Based  on  the  aboye  test  results;  the  deployment  bag,  design  jor  L.F-8  and  I,Pr9 
includedShe  heavier  No.  3  grommets,  in  glace  of  the  No.  2  grommets  and  the 
heavier  Stern  and  Stern  No,  2823  bag  cloth  in  pla.ce  of  MIL -0-7219  Type-Ill 


;  -  '  * '  %AP^ENDD^nr.'  - 

POROSITY  CALCULATIONS  FOR  S^ALL  PARACHUTE  SP-5 


&  GENERAL 


Yhis^appendix  presentsihe  WtHod^usedto  niga^n-rP  A.  ^  „ 

of  the,  SP-5  small;  parachute  ;  Thi a-  ™fa!  e  the  overall;  porosity 

shown  schematically  in  Figdre  43-  a  nhStW ^  ^  ^  fl°^  test  ^etup 

earlier  in  Figure  31  g?  a  PhotPgraph  of  the  Setup  is  shown  C 


AVERAGE  PRESSURE  DIFFERENCE  Q/O.35  I*.  OF  WATER 
The  velocity,-  diameter/ area, ; and  flow  volume  are: 

Velocity  in-pipej  =  3000, fpm  =  50  fps 
.  ^  diameter  of  .pipe, ;=  a-15/!6  in,  =  8  ,  9375-'ih. 


(7?) 

=(80) 


=  -  3.  1416(8.-93751^'  >.  ' 

->  4''  5  -  '  ’4  ‘  -  p2. 6  sq  in; 


*  Area  of ‘pipe  =  - - - - ...  ,  .. 

r  5  4  '  ?4  .  -  -■  =  b2. 6  sq 

Flow  volume  per  secohd  =  ;ndan-  velocity  times-  area 


(81) 


_  '.^2  £ 

=  50(l4T)  "  21.  8°  cfs  through  pipe  and  system 


(82). 


ireht^ (^?4Coti.S'Sdf^' the  ar§a  C^itJ3iSed  on  the  pressure- dif^- 


:  '2'  ‘  ; 

2  ^  ^  in.  of  water  across  roof 


-;0..35(%#|  = 


(83) 


V2  =,  1531 


V  =  3^.v'i‘;fps- 


(84) 

(85) 


StyThlSgh^^!:’  if  ba”d  through  the  system  tmd  ve- 


a  _  Volume,  21.80 
e  ~  V  =  39.  2  =  558  sq  ft 


=  80  sq  in. 


The  measured  inlet  area  (A.)  is: 


(86) 


9-IN..;  DIAMETER 


akemotke^m; 

AVERAGE-VELOCITY 

READING 


-o  SCREEN 


—  2-HP  BLOWER 


Flow  Test  Setup 


»  O  5  } 


=>  ;  -0  o 
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A  -  ^D2  „  jr(:2S.lff)P  _  624 

*i  ~  '4  .  4  -• ,  v 


=  .  624  sqin. 


The  ratip  of  A*  to  A&  ?s? 


Ai  624  _  7  6 
^  “^80  ~ 


Th|s  compares  wifc&thedeqired  ratio.,  of  7. 

3 .  AVERAGE  PRESSURE  DIFFERENCE  OF  0.  20  IN.  OF  WATER 


The. -velocity,  diameter,  ar  ea,,  and  flow  volume  pf  thepipe  are;. 


Velocity  in  .pipe  =  2300  fpm  —  38.3  fp?5 


.  Diameter  of  pipe  =  8-15  /16  in.  *-r  8.  93  r.5  in. 


ffn2  3. 141678.  93.75 j2  _  *,  \  — 

Area,  of  pipe  =  .  a  . -  ~  =  °Z*  6  sq  in‘ 


Flow  volume  per  second'  =  mean  velocity  times  area 


_  38;  3(44^)'  =■  16.69  cfs  throughpipe  and  systejp 


To^calculate  velocity.  (VJ^througlf, the  roof  exit  based  on-  the  .pressure  'dif¬ 
ferential.  CAP)  across  the  roof: 


AP  =  IfiV2'  =  4  0.002378V2  =  0.2  in.  water 


=.  0.  001189V2  =  0.  2(-|f% 

«r  - 


..2  _  .  1  •  04  c  _  Q-7c 

Y.  ~  0.001T89  * 


V  =  29.-6  fps 


The  roof  exit  area  (Ag).is  based  oh  volume  through  the  system  and  ve¬ 
locity  through  the  roof: 


_  Volume  _  16 .„69  _  o  564  sq  ft  or  80  sqin.  (96) 
V  -  “  29. 6 


The  measured  inlet  area  (A{)us: 


A.^  =  624  sq  in. 


1  k 

. 


t-ow*w 


'i 
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FABRICATION  TECHNIQUES  FOR  PARASONIC  PARACHUTES 


II 


.*=  ’ 

* 


Tfiis  -appendix  presents  t&e  approach  iised'.to  construct  the  coated  mesh  roof 
of  the  SP%  SFr4,  and  3P-5  PARAsONIG  parachutes.  ; 

•  -  ^  .v  -v  -  -  - 

Calculated  thermal  dynamic'  requirements;  necessitated  that  the  roof  mesh  be 
made  of  0. 3 OOrini  -diameter  Nomex  coated  with  C.  25  in.  thick  Dyna-Therm 
D-65.  The  resulting  thickness;  of  the  roof  struchire,  ds  . compared. to  that  of 
the  "skirt  fabric,  meaht  that  normal,  seeing  methods  wo.vdd not  suffice.  -Gore- 
to-gore  attachments  also  imposed  unique  problems  in  seeing  the  thick  mesh 

together  .  „  '  *  *  *  '  i-  j 

‘ 

After  sfevehal  effortsptq-  obtain- efficiehtiy  sewn  .seam?  between,  the. roof  and 
skirt,  the  roof  and  cap,  ;and  the^r oof  gores  i  it  was  concluded;  that  sewing 
would- result a  stiff,  lumpy^ropf.  Therefore,  other  approaches  were  in¬ 
vestigated'..  Thes  included  Aveavihg  separate  gores  and  weaving  the.',  rbpf-as 
a  unit.  -  ./  ‘  . 


'Weaving  the  roof  as  a  <unit.:pr ovided  the  mp-St  flexible  flight  units .  The  follow¬ 
ing  .procedure  was  used:  The  weaving  .pattern  was  laid  out  to -obtain  as  bias 
pattern  in  each-gore-.  A  predetermined  weaving  path  was  then  followed  to 
minimize  the  number  of  joints  (see  Figure  44).  The  weaving  pattern  required 
each  of  33  lengths  of  webbing  to  pass  completely  around  the  roof  in  a  zig-zag 
path  aiid  then  be  sewed  tcKtself;  The  33  joint's  were  distributed  so^that  no 
more  than-three  occurred  ih-bjie  gore  The  webbing  length  paths  were:  (1;) 
Numbers  1  -4  pass  from,  the  gore  around  g.  webbing  hoop  at  the  roof  cap  to  form 
•a -finished  edge;  (2)  Numbers  5?13  .and  25^33  pass  from  gore  edge  to-gore  edge 
and  change-direction  at  the  gore  edge;  and  £3):  Numbers  14-24  pass  from  the 
gore  around' a -webbing  hoop  at  the' mouth  of  the'  roof  to  fornva  finished  edge. 

A.  weaving  fixture  was 'used  to' aid  in-fabric-ting  and; accurately  positioning  the 
fhesh  webbing  during  weaving.  Pegs  were  lpcatedvat  all  gore  rtorgore  webbing 
inter  sections'..  The  fixture  was-  developed  by  cutting,  out  12  stiffened:  gore  pata 
terns- and:  attaching  themtPgetHei'  along  the,  radial;  centerlines.  Because  of  the 
fullness  in  gore  widths,  a  saddle  shaped  surface  was  created.  The  surfac.i- 
was:  rigidized  by  backing  it  with  foam.  Since,  the  surface  of  the  fixture  was 
convex,  the  mesh  webbing  laid' against  the  surface  was  true  length. 

To  facilitate  Weaving,  only  light  coats  of  D-65  were  applied  to  the  mesh  web¬ 
bing  before  the  weaving  began.  When  the  weaving  was  completed,  sewing  be¬ 
tween  the  mesh  and  the  hoops  located  the  mesh  webbing.  Additional  coats 
were  applied  to  obtain  the  required  porosity. 

The  -weaving- approach  provided  structural  continuity  to  the  roof  mesh  at  the 
cap  and  skirt.  The  major  structural  loads  between  the  roof  and  skirt  cloth 
were  carried  by  sewing  through  the  roof  mouth  webbing  hoop  and  the  skirt 
cloth.  Gore -to-gore  load's  generally  were  carried  by  the  webbing  of  one  gore 
interlocking  with  the  webbing  of  the  adjacent  gore.  Sewing  between  the  ra- 
dials  and  the  gores  maintained  the  woven  positions  and  carried  a  portion  of 
the  load. 
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Its.  ABSTRACT 


The  Aerodynamic  Deployable'Decelerator  Performance  -Evaluation  Pr.ogr.am  (ADDPEP)  has 
.aimed  to  advance  the  state  of  ihe  art:bydeveloping  the  most  effective  analytical  and  empiri¬ 
cal  techniques  for  designing  aerodynamic  deployable  .decelerator  s  ahd  Xor.evaluating  tht>t 
.engineering  techniques  through  wind-funnel  and  free -flight  tests.  During' the  third  aud  con¬ 
cluding  phaseof  ADDPEP.fwp  types  of  decelerators  were  investigated;  '.irge  reefed  super¬ 
sonic  parachutes  and  small  supersonic  para.chutes.  The  areas  investigated  by  tests  included 
analytical  and  engmeeringidesIgnL  methods,  material  capabilities,  and  fabrication  techniques. 

Thrce  largc  parachutes  were  built  that  had  the  same  basic  configuration:  hemisflo,  16-ft  di¬ 
ameter  canopy,  10-percent  extcnded'Akirtj  10-percent  porosity.  These  parachutes  were  de¬ 
signed  for  200,500 -lb  opening  loads.  Free -flight  tests  wereperfortned.at  deployment  Mach 
rmmbers-.of  2. 2Z,  1. 20  and.2. 70;.at  altitudes  of  J8.050,  9,370,  arid  19,  700  ft;  and  at  dynamic 
pressures  of  3697.  1514,  and  5155  psf,  respectively.  The  tests  confirmed  the  predicteddrag 
area.  However,  reefing  line  loads  were  underestimated;  rmpioved  analytical  methods  are 
heeded  tc  predict  this  hoop -type  load  under  dynamic  cohditions  at  the  higher  Mach  numbers- 

Three  small  parachutes  were  built  that  had  the  same  basic  configuration,  designated  PARA- 
SONIC;  4-ft-diameter,  5-percent  total  porosity.  Wind-tunnel  tests  confirmed  that  this 
PARASONIC  design,  when  constructed  of  materials  that  are  compatible  with  the  flight  en¬ 
vironments  investigated,  has  better  stability  than  aHTP£RFLp  design  that  wr.s-also  inves¬ 
tigated  in  both'Phase8  l  and  III,  I'ree-flight  lests  were, performed  at  deployment  Mach  num¬ 
bers  of  2. 70,  1.60,  and  5,48;  at  alUtudes  of  78,000,  56,3  00,  and  H7, 000  ft;  and  at  dynamic 
pressures  of-329,  328,  229  psf,  respectively.  The  flight  tests. -confirmed  the  stability  pre¬ 
dictions  and  the  adequacy  of  the  construction  for  the  performance  range  investigated. 

Thls.document  ie  subject  to  special  export  cpntfols,.  and  each  transmittal  to  foreign  govern¬ 
ments  or-  foreign  nationals  may  be  made  only  with  prior-approval  of  the  Air  Force  Flight 
Dynamics  Laboratory.  -  - 
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